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Chapter 1

INTRODUCTION

1.1 Background for the Problem

High-temperature gases passing over a surface may result in a large
heat flux to the surface. Film cooling the exposed surface is one means
of reducing heat flux, and thus surface temperature. With this method,
coolant is injected through the surface and into the boundary layer over
the surface. Providing the coolant is distributed properly, it will act
as an effective heat sink and protect the surface from the hot mainstream
gases.,

A primary use for film cooling is to protect the blades of the high-
pressure turbine component of a gas turbine engine from hot combustion
gases, Conventional film cooling may be accomplished by coolant injection
through one or more rows of slots or discrete holes in the surface or
through a porous strip in the surface. With these methods the region of
greatest blade protection is the local region downstream of the injection
sites, which are generally at the blade leading and trailing edges.

As turbine inlet gas temperature is increased in an effort to im-~
prove engine thermodynamic efficiency, it will become important'to cool
the high-pressure turbine blades over their entire exterior, as opposed to
locally film cooling the leading and trailing edges. This may be accom~
plished either by transpiration cooling through a porous blade surface or
by full-coverage film cooling through an array of small discrete holes
that covers the entire blade surface (Esgar 1971). 1In principle, either
method will allow the use of a mainstream gas temperature well in excess
of that which will melt a metallic surface. At the present time, though,
transpiration cooling appears the least feasible of the two cooling
schemes, because of difficulties with the structural integrity of the
porous "skin" which forms the surface, and because of susceptibility to
pore clogging., Discrete hole, full-coverage cooling looks promising.

The work described herein is an experimental and analytical study of heat
transfer to the turbulent boundary layer over a full-coverage film-cooled

surface.

e e et e e m ¢ o e e — e - ——



1.2 Full-Coverage Film Cooling

1 1 chawging o R1:
Ledly S0 D

form a staggered array; the injectant leaves the surface at an acute
angle, In the film-cooling process, coolant is delivered into the interior

of the blade thru an insert which forces the coolant to impinge on the

The econlant +then exite t+h
ne gceoeolant Ttaen exits Tt

into the boundary layer over the surface at velocity U, and temperature

2

'1‘2' . The mainstream velocity is U_ , the mainstream gas temperature is

T, » and T0 is the blade temperature.

MAINSTREAM
FLOW

FULL-COV
TURBINE B

Figure 1.1 Full-coverage film-cooled turbine blade and blade cavity




Heat ‘transfer between a surface and the fluid flowing over the sur-
face in the presence of film cooling is affected by the hydrodynamic and.
thermal . characteristics of the injectant and mainstream flow, the_surface
thermal boundary condition, and the coolant hole pattern and injection
. angle. One important hydrodynamic characteristic is a blowing ratio,
the ratio of the injectant-to-mainstream mass flux. This can be described

in two ways: averaged over the area of one hole,

. . M = -ﬁ— N (1.1)

or averaged over the area associated with one hole (Figure 1.2)

m, /A 2
Paoco 4P

The thermal characteristics of the injectant and mainstream flow can be

linked to the surface thermal boundary condition,

T, - T,
[e) (o]

Other useful parameters include: the ratio of boundary layer enthalpy
thickness—to-hole diameter, A2/D ;s the ratio of boundary layer momentum
thickness-to-hole diameter, 62/D ; and the ratio of the viscous length
scale to the hole diameter, (V/Uw)/D . The cooling configuration is
described by the ratio of the hole spacing to the hole diameter, P/D ,
and by the hole axis angle; o . '_

A study of the fluid mechanics and heat transfer of a film-cooled
surface has been in prbgresé at Stanford for the pést several years.

The study, which includes the work reportéd herein, has been carried

out using flat full-coverage film-cooled surfaces. The study has been
conducted using geometrical and Reynolds number similarity to actual
film-cooled turbine blades; but not Mach number or Eckert number
similarity. Surface curvature, rotation, high mainstream turbulence,

and pressure gradient effects are not considered.

3
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Figure 1.2 Hole-pattern and heat transfer area for slant-hole injection
test surface



1.3 Heat Transfer with Film Cooling

The convective rate equation used to describe surface heat flux in

boundary-layer flows with wall mass flux is

&g = h(To - T) (1.4)

T°° r? for high-velocity flows). For film cooling, the convention ac-
cepted in the past was to alter the above equation by replacing T with
Taw + the temperature the wall would assume in the presence of film
cooling but with zero heat flux, and by replacing h with ho » the heat

transfer coefficient without wall mass flux (film cooling)

ﬁ; = ho(To - Taw) (1.5)
In using equation (1.5) it is assumed that h0 , the heat transfer
coefficient in the absence of film cooling, is also appropriate for use
with film cooling. Based on this assumption, most experimental investi-
gations to date (Goldstein 1971) have concentrated upon obtaining Taw
for various injection geometries and blowing ratios and correlating it

in terms of a film-effectiveness parameter,

T T
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However, as pointed out by Metzger and Fletcher (1971) and others, the
heat-transfer coefficient in the region immediately downstream of injec-
tion can be significantly difierent from h0 . Thus an experimental
heat transfer coefficient, h , is required to replace ho in equation
(1.5) to predict surface heat flux.

A new approach to film cooling has been developed at Stanford, based
on equation 1.4 instead of equation 1.5 (Choe, Kays, and Moffat 1976).

This was evolved from consideration of transpiration cooling.



The similarities between full coverage film cooling and transpiration
cooling suggested this approach; the differences proved easy to handle.

There are two important regions on a film—cooled surface, the full-
coverage region and the downstream recovery region. The major concern
here is in the full-coverage region, i.e., the area around the holes.
Geometrically, transpiration cooling differs from full—poverage film
cooling in that with the latter the holes are usually large relative to
the boundary layer thickness and consequently the injectant temperaturé
is often different from the surface temperature. From a fluid mechanics
standpoint, full-coverage film cooling jets penetrate the sublayer of
the turbulent boundary layer, while with transpiration cooling the in-
jectant stays within the sublayer. From a heat transfer standpoint,
with full-coverage film cooling the surface heat flux decreases to a
minimum as the blowing rate increases. With a further increase in the
blowing rate heat flux may begin to increase, whereas with transpiration
cooling the heat flux continuously decreases. Despite these differences
it is suggested that full-coverage film cooling be treated using the
variables found useful in transpiration cooling since, physically, transpi-
ration is a limiting case of discrete-hole, full-coverage film cooling
as hole diameter and spacing is decreased relative to boundary layer
thickness.

To approach full-coverage film cooling from the viewpoint of transpi-
ration coolihg, the concepts of h* and Taw s, developed for the recovery
region downstream of a slot or row of holes are abandoned, and the heat
transfer convective rate equation (l.4) used with transpiration cooling
is employed. 1In this eﬁuation the heat flux is the local average over
the surface area associated with each hole (shown in Figure 1.,2).

Equation (1l.4) defines the heat transfer coefficient which, for the
work reported herein, can be functionally described in terms of a Stanton

number, dependent upon several parameters.
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As mentioned above, full-coverage film cooling differs from tran-
spiration cooling in that the injectant can leave the surface with a ‘
temperature’ Tz; different from the surface temperature T0 . The heat
transfer problem involves three temperature potentials as reflected by
the O parameter. With the new approach to film cooling, using equation
(1.4) to define h , the dependence of the Stanton number upon injection

temperature, or 8 , is easily described.
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To obtain Stanton number as
two injectant temperatures are required, with all other parameters fixed,
to provide two fundamental data sets. Then, appealing to the 1ineari£y
of the constant-property thermal energy equation, superposition is ap—

plied to determine h or St as a continuous function of © ,
St(8) = St(6=0) - 6 x [St(6=0) - St(B=1)] ' (1.8)

The © parameter and superposition were first defined for use with
film cooling by Metzger, Carper, and Swank (1968) in conjunction with

transient film cooling heat transfer measurements.

1.4 Literature Review

A general review of film cooling can be found in Goldstein (1971),
and a review of discrete hole film cooling is given by Choe et al. (1976).
Work done at Stanford on transpiration cooling is reviewed by Kays and
Moffat (1975). Contained in this section will be a review of experimental

and analytical works associated with full-coverage film cooling.

1.4.1 Experimental Works

LeBrocq, Launder, and Pridden (1971) studied the effects of
hole-pattern arrangement, injection angle, coolant-mainstream density
ratio, and blowing ratio on 1 . Their tests were primarily conducted
on plates with a pitch-diameter ratio of 8 . The hole patterns were in-
line and staggered, with normal injection (hole axis perpendicular to-
the surface), and staggered with 45° downstream—angled injection. Re~
sults of their investigation include: the staggered hole pattern is

more effective because the jets penetrate less into the boundary layer;



there exists a blowing ratio for which 7N is a maximum, and for higher
blowing ratios, N decreases; angled injection is more effective than
normal injection.

Launder and York (1973) studied the effects of mainstream accelera-
tion and turbulence level on TN using the staggered, 45° slant-hole
test section described in the previous paragraph. Bascially it was a
study of laminar film-cooling jets issuing into a turbulent mainstream,
and their results hinged on this fact. They found that in the presence
of an accelerated mainstream the effectiveness increases due to delayed
transition of the laminar jets. When the mainstream turbulence level
is increased, in the accelerated region, the values of N go down 10
percent. For high mainstream turbulence without acceleration the ef-
fectiveness values remain unchanged.

Metzger, Takeuchi, and Kuenstler (1973) studied both effectiveness
and heat transfer on a full-coverage surface with normal holes spaced
4.8 diameters apart and arranged in both in-line and staggered patterns.
They appear to be the first investigators to report measurements of local
heat transfer coefficients, h* s, within a discrete-hole array. Their
investigation concludes that a staggered pattern yields a higher mn than
does an in-line pattern, and that h* can be 20 to 25 percent higher
than ho (without film cooling).

Mayle and Camarata (1975) examined the effects of hole spacing and
blowing ratio on heat transfer and film effectiveness for a staggered
hole array with compound-angle injection. The holes were angled 30° to
the plate surface and 45° to the mainstream with P/D wvalues of 8, 10,
and 14, Their results include: higher effectivenesses are obtained
with P/D values of 10 and 8 than with 14, regardless of coolant-flow
ratio; there is a blowing ratio that yields a maximum n ; the heat trans-
fer coefficient, h* s 1s significantly higher than ho and becomes
almost constant (independent of the number of rows of holes) for all M
at P/D = 8 , but only for high blowing ratios with a P/D = 10 ; and
past the last row of holes, h* rapidly returns to ho .

Choe, Kays, and Moffat (1976) studied the effects on heat transfer

of hole spacing, blowing ratio, mainstream velocity, and initial condi-



tions upstream of the discrete-hole array. They used normal injection
with a staggered array and hole spacings of 5 and 10 diameters. Stanton
number data were taken for two values of injectant temperature, corres-—
ponding to © equal to O and 1 , and linear superposition was applied
to obtain Stanton number as a continuous function of injectant tempera-
ture. The data were correlated using the same parameters used with tran-
spiration investigations. Their results include: for a constant mass
flow F, a P/D of 10 produces a much~diminished cooling effect when
compared with a P/D of 5 ; in the initial region (first few rows of
holes) there is not much cooling and, in fact, St/Sto can be greater
than unity; changes of mainstream velocity and upstream initial condi-
tions have little if any effect on St/Sto ;3 in the downstream recovery

region, the ratio St/Sto rapidly returns to unity.

1.4.2 Analytical Works

Methods presently available to predict wall temperature, film
effectiveness, and heat transfer coefficient can be categorized into three
types: superposition of single-jet effectiveness data, boundary layer
finite-difference methods, and energy integral equation analysis.

Superposition of film-effectiveness data for individual jets to pre-
dict n 1is described by Goldstein et al. (1969) and Eriksen, Eckert,
and Goldstein (1971). With the method, the injection is modeled as a
point heat source located above the wall, and a reduced form of the energy
equation is solved and normalized to give N as a function of both span-
wise and streamwise distance. Mayle and Camarata (1975) developed an
improved superposition method to predict their full-coverage data. Their
final prediction equation contained two parameters that are functions of
M and P/D .

Prediction of wall temperature and effectiveness downstream of two-
and three-dimensional film-cooling slots has been investigated by Pai
and Whitelaw (1971), and Patankar, Rastogi, and Whitelaw (1973), respec-
tively. For two—dimensional slots, the boundary layer differential equa-
tions were solved, using a mixing-length hypothesis to model the eddy vis-
cosity. The mixing-length was augmented algebraically to reflect the

large increase in turbulent mixing associated with the injection process.



For three-dimensional slots, the Navier-Stokes equations were reduced to
elliptic in the cross-plane and parabolic in the direction of flow and
solved numerically. Again a mixing-length hypothesis was used, with an
algebraic augmeritation to account for increased turbulent mixing.

A finite-difference method for predicting flow over a full-coverage

film-cooled surface is reported by Herring (1975). He started with the

Navier-Stokes equations and stagnation enthalpy equation and spanwise-
averaged them using a decomposition that reflects the periodic nature of
the flow in the lateral directionm. Boundary layer assumptions were then
invoked to render them parabolic. The nonlinear convective terms arising
from the spanwise-averaging process were obtained from a simultaneous
solution to a set of ordinary differential equations describing a jet in
crossflow. Augmentation of the turbulent shear stress due to jet~
boundary layer interaction was considered. He reports velocity profile
predictions but no heat transfer.

Choe et al. (1976) developed both integral and differential analyses
to:predict their data. For the integral analysis, they developed an
energy integral equation and successfully correlated their data for use
in the equation, in conjunction with linear superposition. They also
developed a finite-difference method for predicting heat transfer with
full-coverage film cooling, solving equations of similar form to those
given by Herring (1975). However, Choe et al. (1976) arrived at the
equations using local averaging, and used different models for the in-
jection process, the nonlinear terms, and the augmented turbulent mixing.
With local averaging, the area for averaging moves continuously over the
area associated with one hole (similar to that shown in Figure 1.2).

With this concept they were able to model the injection process as tran-
spiration rather than discrete injection. The nonlinear terms were
modeled by decomposing them into two parts, and interpreting one part to
be a contribution to increased turbulent mixing and the second part as a
moﬁentum or energy source. The augmented turbulent mixing was modeled
using an algebraic equation. Choe et al. (1976) successfully predicted
most of their Stanton number data for low to moderate blowing ratios and

P/D values of 5 and 10 . Two constants were used in the modeling

process.

10



. To date, the only fully three-dimensional, finite-difference pre-
diction method is given by Bergeles, Gosman, and Launder (1975).. They
developed a procedure for predicting the laminar hydrodynamic and thermal

field over a full-coverage film-cooled surface. Their numerical scheme
is a partially parabolic type, with similarities to that described by
Patankar et al. (1973), but with one very important exception: the pres-
sure field is held in a three-dimensional array to account for local
mainstream—-direction pressure gradients, especially in the vicinity of
the injection location. The solution procedure 1s thus an iterative type,

requiring a fairly lengthy computation time.

v

1.5 Objectives for the Present Research

The present study had three mdin objectives relating to heat trans-
fer with full-coverage film cooling.

The first objective was to provide a broad experimental data base
for use in developing integral or differential methods to predict surface
heat flux on a full-coverage film-cooled surface. The data base was to
contain spanwise-averaged heat transfer coefficients within the discrete-
hole array, and local coefficients in the downstream recovery region
past the final row of holes. Upstream initial velocity and temperature
profiles were to accompany the data. The data were to be taken using
two test surfaces (l.e., two different hole spacings) with systematic
variation of the blowing ratio, various upstream initial conditions, and
with two values of injectant temperature at each blowing ratio.

The second objective was to provide velocity and temperature pro-
files of the boundary layer over the discrete-hole array. The velocity
profiles when spanwise-averaged would permit computation of a mixing--
length profile for use in developing a mixing-length model for differ-
ential prediction of the data. The temperature profiles when spanwise-
averaged would be used to compute enthalpy thicknesses for comparison
with those obtained from integration of the energy integral equation.

The third objective was to carry out both an integral and a differ-
ential analysis of the data. The integral analysis was to consist of

correlating the data for use in an integral energy equation prediction
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method. The differential analysis was to develop a finite-difference

prediction method which could reproduce the experimental data base.
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Chapter 2

EXPERIMENTAL FACILITY AND METHODOLOGY

2.1 Discrete Hole Rig

The heat transfer facility, hereafter referred to as the Discrete
Hole Rig, was designed and built specifically for the purpose of study-
ing full-coverage film cooling over a flat surface. The facility is doc-
umented in Choe, Kays, and Moffat (1976) and in the doctoral thesis of

Choe (1975).
The Discrete Hole Rig is a closed-loop wind tunnel which delivers

air at ambient pressure and constant temperature. The test section and
its preplate ‘and afterplate can be heated as much as 20°C above the
mainstream air temperature. A secondary loop of the wind tunnel delivers
the blowing air, heated or cooled, to the test section. Figure 2.1 shows
a flow schematic of the systems that:comprise the Discrete Hole Rig. A

photograph is shown in Figure 2.2 .

2.1.1 Primary Air Supply System

The main loop is driven by a fan which delivers air to an
oblique header which turns the flow into a heat exchanger. The flow pas-
ses through the exchanger, a screen pack, and a contraction nozzle before
entering the tunnel test section. Flow leaves the test section via a
plenum box which serves to supply both the secondary blower and primary
fan. The test duct is 20.3 cm high by 50.8 cm wide by 3.05 m in the flow
direction. The flow entering the duct has a velocity profile that is
flat to within about 0.15 percent, and a longitudinal turbulence inten-
sity of about 0.5 percent. The tunnel velocity is controlled by changing
pulleys and belts on the fan and drive, and it can be varied in steps
from 9 m/s to 35 m/s .

The tunnel floor consists of an upstream preplate, a test section,
and a downstream afterplate. The sidewalls and topwall are plexiglass.
The topwall is flexible and is adjusted to produce the desired static
pressure distribution in the flow direction. For the experiments de-

scribed herein a zero pressure gradient, i.e., constant velocity, boundary
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condition was used. To obtain this condition the. top wall was set to
produce a uniform static pressure for each data run, with permissible
deviation of no more than 0.25 mm of water-pressure difference from the :

beginning of the test section to the downstream edge of the afterplate.

2.1.2 Secondafy Air Supply System

The secondary loop is driven by a blower which delivers air
through a flexible duct to an oblique header which turns the flow into
a secondary heat exchanger to control the blowing air temperature. The
flow passes through the exchanger, a bank of finned heaters, a screen
pack, and into a plenum box which contains an 1ll-pipe manifold, with
each pipe containing a valve for flow rate control.
The ll-pipe manifold splits the secondary flow into 11 channels,
one for each row of holes, and delivers it via delivery tubes to the dis-
.tribution manifolds. Valves in each leg of the 1ll-pipe manifold regulate
the flow channel by channel. Hot-wire flowmeters installed in the de-
livery tubes measure the secondary air flow rate for each channel. Each
distribution manifold contains trim-adjust valves for assuring uniform
flow rate, within 1.5 percent, to each of the 8 or 9ltubes that supply
a row of holes in the test section. Secondary air flow rate can be
varied through pulleys and belts on the blower and drive, in conjunction
with the 11 main valves, to yield a range of blowing ratios from 0 to
1.5 over the range of mainstream velocities given in the preceding

section.

2.1.3 Test Plate Electrical Power System

The test-plate electrical power system delivers heater power
to each of 12 plates that comprise the disgrete—hole test section. Power
is supplied from a 120-volt AC, 1l¢ source that is passed through two
voltage stabilizers and delivered to 12 step-down variable transformers.
The power is then delivered to each plate. A switching circuit allows a

wattmeter to be inserted for plate power measurements.

2.1.4 Preplate/Afterplate Heating System

The preplate and afterplate heating system is a closed-loop

hot-water system which operates with continuous water flow. Recirculated
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water passes through two water heaters In series and is delivered té an
inlet manifold where it passes through rectangular tubes within the
plates. From the exit manifold the water is returned to the recircula-
tion pump. Water temperature is held constant using a set-point propor-
tional controller connected to one of the heaters. The rectangular tubes
are coupled to the feeder manifolds with individual tubes. This feature
allows the preplate to be disconnected from the manifolds for tests with
an unheated starting length.

2.1.5 Heat Exchanger Cooling Water System

The heat exchanger cooling system 1s a semi-closed loop system
which continuously circulates water from an ingulated holding tank, Flow
rate is maintained high enough to ensure uniform temperature of the main-
stream air being cooled. The secondary air heat exchanger is also plumbed
into the system. Temperature control of the cooling water is achieved by
dumping a portion of the recirculated water and replenishing with make-up

water from a cold-water supply main.

2.2 The Test Surface

The floor of the tunnel duct constitutes the test surface, and it
is formed by three sections: a preplate, a test section, and an after-
plate. The preplate and afterplate are isolated from the test section
with balsa wood, and the three surfaces are leveled to form a continuous,

smooth surface.

2.2.1 Discrete Hole Test Section

The test section is composed of a frame and 12 plates. The
frame consists of aluminum side rails with phenolic cross ribs. It ‘'is-
4 cm wider than the tunnel floor span, and 61 cm long in the flow direc-
tion. Copper plates, 0.6 cm deep by 46 cm wide by 5 cm long in the flow
direction, form the test surface, with the first plate blank and the 11

downstream plates containing alternating rows of 9 holes and 8 holes.

The blank plate serves as a guard heater for the first blowing plate.
Each of the 94 holes is connected to an individually adjusted flow tube.

‘The holes are each 1.03 cm diameter and are spaced on. 5-diameter centers

to form a staggered hole array. Figure 2.3 is a photograph of the array.
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The plates are heated by resistance wires installed in slots mach-
ined into the back side of each plate. There are two resistance wires for
each plate, made of size 28 AWG Chromel wire, and bussed across one end
with copper wire to give an overall resistance of about 8 ohms. The
wire leads are connected to the test-plate electrical power system. Four
iron-constantan thermocouples, made of size 30 AWG duplex wire, are in-
stalled into each plate from the back side, with each thermocouple lo-
cated midway between two adjacent holes.

The plates are supported on phenolic cross ribs. The ribs have
steps machined into ﬁhem to support the plates and contain clearance
holes for the delivery tubes, which leave the plate at a 30° angle. The
side rails contain water passages for heating, to minimize conduction
heat loss from the plates. Bottom plates with tube clearance holes close
the frame cavity. Heating water tubes on the bottom plates, parallel to
the cross ribs, serve to regulate the cavity temperature. Figure 2.4
shows a cross—~sectional view of the discrete hole test section, and Fig-
ure 2.5 shows a photograph of a close-up of the test surface.

Delivery tubes for the slant-hole test section are glued into re-
cesses cut into the back side of each plate, as shown in the photograph
in Figure 2.6 . The tubes, made of linen phenolic, extend back at a 30°
angle to the plate surface for a distance of 35 cm and are then turned in
the downward direction by elbows. One tube in each plate contains an
iron-constantan thermocouple located upstream of the point where the tube
enters the frame cavity., The cavity is loosely packed with insulating

material to minimize heat loss from the back sides of the plates.

2.2,2 Preplate and Afterplate

The preplate and afterplate test surfaces are identical in
design. Each plate is formed by 48 rectangular copper tubes and
insulated on the back side. Each tube, 2.6 cm long in the flow direction,
is covered by 3 thin sheets of bakelite and a thin copper sheet. The
tubes are isolated from each other with thin spacers across the tube
span. An iron-constantan thermocouple is imbedded in the back side of
the copper sheet. Hot water can be passed through 24 tubes in each

plate for surface temperature control. The heating section of each
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plate butts against the test section.
' Surface heat flux for each water-heated tube can be measured with
a heat flux meter installed in the middle bakelite laminate and below
the thermocouple location. Each meter is 5 em wide by 0.4 mm thick and
wound with multiple silver-constantan thermocouples to measure tempera-

ture difference across its thickness,

2.3 Rig Instrumentation and Measurement

Measurements of the various physical quantities necessary to compute
Stanton numbers or velocity and temperature profiles are described in
this section. In addition, uncertainties in their measurements are given,
obtained following Kline and McClintock (1953).

2.3.1 Temperature
All surface temperatures, secondary air temperatures, and

the mainstream temperature were measured with iron-constantan thermo-
couples. Samples of the wire were calibrated against a precision quartz
thermometer, and the resulting calibration curves were incorporated into
the data-reduction program.

All thermocouple wires were brought to constant temperature zone
boxes at the measurement console and attached to selector switches. To
avoid sharp temperature gradients along the wires, most of the wires were
sheathed in plastic tubing from point of origin to the zone boxes.

The thermocouples were installed in the test section plates and
side rails, following Moffat (1968), to ensure adequate immersion depth.
The four thermocouples in each plate were initially used to ensure the
plate was operating at near—-isothermal conditions, and then were connected
in parallel to provide an average surface temperature. The use of thick
copper plates plus the heating of the side rails to near plate temperature
gave an isothermal boundary condition.

The temperature of the mainstream alr was measured with a thermo-
couple whose junction was normal to the flow. The indicated temperature
was corrected for velocity error following Moffat (1962), and then to re-

covery gas temperature using a recovery factor equal to the air Prandtl

number raised to the one-third power. The recovery temperature was most

important in formulating the Stanton number for the U _ = 35 m/s data,
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where the kinetic temperature is about 5 percent of the plate-to-main-
stream temperature driving potential, '

Uncertaiﬁty in a thermocouple measurement was 0.14°C.

2.3.2 Pressure o
Tunnel static pressure and mainstream dynamic pressure were
measured with inclined manometers, Static pressure was measured from
;taps located in one of the tunnel sidewalls. The mainstream dynamic
-pressure was measured with a Klel probe. TUncertainty in these pressure
measurements was 0.25 mm water., This uncertainty also applies to the
~zero pressure gradient tunnel condition (recall that this condition was
established by requiring a static pressure difference of no more than
0.25 mm of water between the upstream edge of the test section and the

downstream edge of the afterplate).

2,3.3 Test Plate Power

Power delivered to each of the discrete-hole test plates
was measured by inserting a precision AC wattmeter into the plate power
circuit. Because the insertion changes the circuit impedance, a circuit
analysis was carried out to account for insertion loss. The analysis is
similar to the one described in Choe (1975). The insertion-loss analysis,
along with the wattmeter calibration, is incorporated into the data-re-

duction program. Uncertainty in plate power measurement was 0.3 watts.

2.3.4 Afterplate Heat Flux

Heat transfer from each afterplate cell was measured by a
heat flux meter.  Each meter was calibrated by Choe (1975) to account
for heat loss through the meter to adjacent plates and to the plate sur-
face, and the calibrations are incorporated into the data-reduction pro-
gram. Uncertainty in a heat flux meter measurement was 2 percent of cal-

culated heat flux.

2.3.5 Secondary Air Flow Rate

The hot-wire flowmeters used to measure secondary air flow
rate and their calibrations are described by Choe (1975). Each flow-
meter consists of a constant-current heating element and a thermocouple

circuit, with the circuit measuring the temperature difference between
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the upstream a%r and the heating element. The flowmeters are.installed
at thé downstream end of 2 m delivery tubes and calibrated in piaggt_
Flowmeter calculations in the'data—reduction program consider'corféépions
dué to air property. changes and éero shift. Uncertainty in secondary air

flow rate for a row of holes was about 3 percent of calculated flow rate.

"2.3.6 Velocity and Temperature Profiles

Velocity profiles were obtained by traversing the boundary
layer with a round, 0.5 mm outside diameter pitot probe. The resuitihg
dynamic pressu?e was measured with a pressure transducer, calibrated with
a resulting uncertainty of about 0.05 mm of water over the pressure range
of interest. Uncertainty in velocity was about 1.5 percent of calculated
velocity. .

Temperature profiles were acquired by traversing the boundary layer
with an 0.08 mm diameter chromel-constantan thermocouple probe. The
probe was calibrated using a precision quartz thermometer to give an un-

certainty in temperature of 0.08°C.

2.4 TFormulation of the Heat Transfer Data

Experimental heat transfer data from the discrete-hole test section

are presented in terms of a Stanton number, defined as

q
conv
st = — (2.1)
ApotPalet (T, Too,l‘)
In the above definition, A is the total surface area for one plate,

including the holes; Po * tzt » and U are density, specific heat,
and velocity for the mainstream alr; To and Tw,r are the plate tem-
perature and mainstream recovery temperature (see 2.3.1 for a discussion
of Tw,r) :

The .qconQ term represents heat transferred from the test plate to
the boundary layer by forced convection. To evaluate this term (based on
total measured powef)requires construction of a model for the heat trans-
fer behavior of the experimental system. The model consists of an energy

balance on the plate, summarized by:
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Y%onv Esupplied = Y0sses (2.2)
power
The heat losses in the above equation are decomposed into
90sses  %rad + 9¢cond + 9¢1 ow (2.3)
where 9.4 Is thermal radiation from the plate top, 9eond is heat

conduction between adjacent plates (or end plates and preplate and after-
plate) and between the plate and frame, and aflow is heat transferred
by convection from the plate to the secondary air as it passes through
the plate.

Experimental heat transfer data from the cells that form the after-
plate are also presented in terms of a Stanton number, with equation
(2.1) modified by replacing éconv/Atot with the heat flux meter signal,
appropriately converted. To obtain the heat flux, equation (2.2) was
used, with the terms considered to be on a per unit area basis. Equation
(2.3) was also used, with the loss modes considered on a per unit area
basis and &flow neglected.

In the following sub-sections, heat loss components and the second-
ary air exit temperature will be described, along with energy balance
closure tests to validate the use of equations (2.2) and (2.3). In addi-
tion, uncertainty in the Stanton number is discussed. Values of the
constants used in the following section are contained in the Stanton Num-

ber Data Reduction Program in Appendix III.

2.4,1 Radiation Loss

Radiation from the plate top surface is modeled using

_ o . -
Qg = EMIS * A 0 (T -T) 2.4)

This model assumes that the radiation shape factor is 1.0, i.,e., the

plate sees only the plexiglass tunnel walls at T , and that the air
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radiation absorption is negligible. There will be no radiation loss
from the back side of the plate because the cavity 1s packed with insula-
tion.

2.4.2 Conduction Loss

Heat transfer by conduction is modeled as

) + Si + (T

)

q = K, « (T )

cond i 0,1 - Tcav,i o,1i - To,i«l-l

(2.5)

+ S * (T

1-1 0,1 = To,i-1

where the subscripts denote the plate under consideration and its adja-
cent plates, and K and S are conductances. For the afterplate, the
lateral conductances were measured by Choe (1975).

The S conductances between the preplate and the first test section
plate, and between the last test section plate and the afterplate, were
established by experiments of the type described by Choe (1975). A cal-
ibration unit containing three heaters in an insulated shell was placed_
over the area where the test section joins the preplate (or afterplate),
with one element over the test section plate and the other elements over
the two adjacent cells. The heaters were operated in three modes: the
first with the same power to all heaters; the second with one of the
guard heaters off; the third with both guard heaters off. An energy bal-
ance for the cell adjacent to the test section plate (under the middle
heater) permitted the values for S Dbetween the cell and the plate to be
obtained.

The S conductances between adjacent plates within the test section
were calculated based on the geometries and materials involved. Heat
transfer results are not very sensitive to these values since all plates
were operated at the same temperature in any case, within a fraction of
a degree.

The K conductances between the test section plates and the frame
were established by experiments of the type described by Choe (1975).

The sidewalls and topwall were removed and a 9-cm thick styrofoam block
was placed on top of the discrete hole test section. The platés were

then heated to a uniform temperature and the frame and cavity cooled by
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the cold water supply, resulting in a temperature difference of about
15°C. Plate and cavity temperatures and plate power were measured and a
resulting K conductance was calculated. In the calculations, heat loss
through the styrofoam was considered to be 11 percent of the power pro-
vided (obtained from analytical considerations).

Definition of the effective cavity temperature was based on analy-
sis of the frame and cavity temperature distribution. The frame was in-
strumented with two thermocouples each in the front and rear rails of
the frame, three thermocouples along each of the two aluminum side rails,
and one thermocouple in each of the four aluminum bottom plates. From
this resulting temperature field, coupled with analysis, it was deter-
mined that, because the cavity was composed of low thermal-conductivity
materials, base-plate temperatures had a negligible influence on the
plate conduction losses. Therefore the arithmetic average of the side-
rail temperatures were used along with linear interpolation to obtain
cavity temperatures., In fact, since the siderails and bottom plates
were heated to near plate temperature to minimize conduction losses, a
precise formulation of the cavity temperatures was not required.

Uncertainty in an experimentally obtained conductance was about

15 percent of its indicated value.

2.4.3 Secondary Air Exit Temperature

The secondary air exit temperature was different from the
inlet temperature due to heat transfer between the air and the test sec-
tion. The exit temperature is modeled by considering the system as a

heat exchanger, given by

T. - T
2 " Tp l_exp<_KCONV> (2.6)

= SAFR

T -1,

where T is the secondary air inlet temperature, T2 is the exit tem-
perature, and T 1is the arithmetic average of the plate and cavity tem-
peratures (defined similarly to that in the previous section but with
linear interpolation of one-third contributions from the left and right

side rails and base plate temperatures). The secondary air flow rate
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through the tube is SAFR, and the conductance-heat transfer area product

is KCONV. Both analysis and experiments were conducted to determine

- KCONV as a. function of secondary air flow rate.

in the analysis the heat exchanger problem was defined in terms .of
heat transfer between the air and the tube in the cavity region, and be-
tween the air and the tube/copper lip as it passes through the plate.

The analysis was performed and the predicted total conductance-area pro-
duct, KCONV, and the partial conductance-area product, KFL (for the tube/
lip region) were graphed on log-log paper as a function of flow rate.
Experiments were then conducted to determine KCONV (and KFL, to be dis—
cussed in the next section). The sidewalls and topwall were removed for
the experiments, and a 9 cm~thick styrofoam block, fabricated to cover
three adjacent copper plates, was installed. Holes in the block allowed
secondary air to pass through the block. For these experiments, all

test section plates and the frame side rails were heated, while cooled
secondary air was passed through the tubes. Power supplied to the middle
of the three covered plates was measured. In addition, for one tube sup-
plying secondary air to the middle plate, the air temperature entering the
test section and leaving the styrofoam block was measured.

The experimental KCONV values were determined from equation (2.6).
These data were plotted on the analysis graph and found to be a nearly
constant percentage below the theoretical values, and thus the theoretical
KCONV curve was shifted downward to pass through the experimental points.
The theoretical KFL curve was also shifted downward by the same percentage.

Experimental uncertainty in KCONV was about 25 percent of indicated value.

2,4.4 Convection Between Plate and Secondary Air

Heat transferred by convection between the plate and second-

ary air as it passes through the plate is modeled as

1 0w KFL * (To - T2) : (2.7)

where To is the plate temperature, T2 is the secondary air exit tem-

perature, and KFL is a conductance. ' i,
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The experimental KFL values were determined from equation (2.7),
using the experimental procedure described in the preceding section. 1In

the calculation, was the plate power minus the power at no-flow

dflow
conditions (obtained from the zero intercept of a plate power versus
flow rate graph). The exit temperature was used in the definition for
convenience. In principle, the secondary air temperature changes
slightly while passing through the plate area, but this is insignificant
because the temperature driving potential is either nominally zero, or
10-20°cC.

The experimental KFL values, divided by the number of holes in the
row, were plotted on the graph containing the theoretical KFL (discussed

in the previous section), and they agreed within 10 to 15 percent. Ex-

perimental uncertainty in KFL was about 25 percent of indicated value.

2.4.5 Energy Balance Closure

The Stanton number is determined by measuring plate power in-
put, corrected for wattmeter calibration and insertion losses, and sub-
tracting the heat losses. The energy loss modes were modeled and incor-
porated into the data~reduction program shown in Appendix III. Energy
balance closure tests were conducted to assess the validity of the models
used to calculate the energy loss modes for the test section. In these
tests the tunnel was operated without mainstream cooling, and the plate
power was adjusted to bring each plate up to the mainstream temperature.
Cold water was used to cool the frame of the test section, resulting in
a plate-to-frame temperature potential of about 10°C. Tests were con-
ducted for M=0 , M= 0,41 , and M = 0.59 . For the blowing rums,
the secondary air temperature was within 0.6°C of the plate temperature.
The thermal boundary conditions for these tests were designed primarily
to check the conduction loss constants. Similar tests with 6 = 0 were
not possible due to the configuration of the heat exchanger cooling sys-—
tem.

The closure tests showed how much energy imbalance existed for a
given set of conditions and evaluated the accuracy of the energy measure-
ment system. In principle, when equation (2.2) is evaluated for these

conditions, it should sum to zero. The results of these tests, shown in
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Table 2.1, indicate closure to within + 0.24 watts (typical power sup-
plied to each plate during a Stanton number run was 12 to 20 watts).

The energy imbalance can be converted to a Stanton number uncertainty,

Sk

— (2.8)
Ao tPlnc (T, Te, )

8st

To evaluate this equation, typical operating values of 13°C for (TO-T°° r)
’

and 16.8 m/s for U, were used, along with properties for air. This

converts to a Stanton number uncertainty, 6St , of + 4 x 10—4 .
Table 2,1
Energy balance closure tests
. M=0 | @ M=0.,4 M = 0.59
SE SE SE
Plate (watts) 8st (watts) 8st (watts) ést

1 -.24 -.424E~-04 .01 +255E-05 -.05 ~.979E-05
2 .09 .157E-04 -.05 -.927E-05 .10 .188E-04
3 .01 .239E-05 -.08 -.148E-04 .08 +148E-04
4 .12 «218E-04 -.05 -.921E-05 .08 .140E-04
5 .06 . 104E-04 -.09 -.164E-04 .06 +103E-04
6 -.11 -.208E-04 -.08 -.152E-04 .11 . 206E~04
7 -.01 -.195E~-05 .03 +620E-05 .07 .126E-04
8 -.10 -.172E-04 0. 0. -.02 -.328E-05
9 -.15 ~-.277E-04 -.07 -.127E~04 .14 . 261E~04
10 -.19 ~.333E-04 -.12 -.228E~04 .15 . 276E-04
11 ~.20 ~.360E-04 -.05 -.960E~05 .21 +386E-04
12 - - -.07 -.136E~04 $22 . 389E-04

Using the procedure of Kline and McClintock (1953) for propagation

of uncertainties through equation (2.2) and (2.3) to evaluate Stanton
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number, uncertainty bands on the data are predicted to be + 2.5% for

® =1 and + 5% for O = 0 . The uncertainty analysis is in agreement
with the energy balance closure tests for 0 = 1 . The larger uncertainty
band for O = 0 reflects uncertainty in the plate-secondary air loss

constants,

2.5 Rig Qualification

Once the energy balances were established, it was possible to run
baseline checks for the hydrodynamic and heat transfer performance.
Earlier qualification tests of this apparatus were reported by Choe et

al. (1976).

2.5.1 Hydrodynamics

The hydrodynamic qualification consisted of determining that
the tumnel flow was two—dimensional and that the approaching boﬁndary
layer velocity profiles were typically turbulent.

Two-dimensionality of the tunnel was examined by measuring the
boundary layer momentum thickness at five locations across the span over
the midpoint of the test section guard plate. The thicknesses were found
to be uniform within 2 percent for the case of no injection at a uniform
tunnel velocity of 16.8 m/s . TFor the low momentum thickness Reynolds
number runs, the flow was accelerated over the preplate and recovered to
zero pressure gradient over the test section and afterplate. For these
conditions, the momentum thickness uniformity was within 10 percent.
Figure 2.7 shows the topwall configurations and boundary layer trip loca-
tions for these two types of rums.

_ Velocity profile qualification consisted of examining the experimental
profiles, checking for accepted behavior in the logarithmic and wake re-
gions, and comparing with accepted correlations. In addition, profile
shape factors were measured. These comparisons are shown on the profile
graphs that accompany the Stanton number runs for M = 0 (given in the
next chapter). They are plotted in "wall coordinates", ot versus y+ .
The skin friction coefficient, used to form U+ and y+ » was found by
fitting the velocity data to a logarithmic law-of-the-wall in the range
of 75 to 125 for y+ (Clauser plot). Velocity profiles for the low
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momentum thickness Reynolds number cases are not plotted in wall coordi-
nates because the flow was still transitional, as evidenced by the high
shape factors.

For each Stanton number run, a velocity
guard plate midpoint to obtain the initial momentum thickness Reynolds
number. From this information the turbulent boundary layer virtual ori-
gin was computed, using a relation between momentum thickness and dis-
tance, x . This relation, given in Kays (1966), is derived by inte-
grating the momentum integral equation with a power—law velocity profile
assumption.

Experimental momentum thicknesses on the guard plate were found to
increase as M increased, due to the downstream flow blockage effects
from the secondary air injection. This resulted in a slight decrease in
the virtual origin with increasing M . To facilitate comparison of the
data at the same x location, the virtual origin from the M = 0 veloc-

ity profile was used to compute x-Reynolds numbers for a given data set,

2.5.2 Heat Transfer

The heat transfer qualification consisted of comparing the
unblown Stanton number data (the M = 0 run for a given data set) with
accepted correlations for two-dimensional equilibrium flow over a smooth
plate with constant wall temperature (see, for instance, Kays 1966). Ad-
ditional comparisons were made between the unblown Stanton number data
and predicted results using a boundary layer computer program.

The comparison of data with accepted correlations is shown on the
graphs in the next chapter and discussed there as well. The comparisons
are, perhaps, most meaningful for the data that are plotted in enthalpy
thickness Reynolds number coordinates. The enthalpy thickness for those
graphs are computed from the energy integral equation for constant prop-

erties and constant wall temperatures, as derived by Choe et al. (1976).

dReA2

ﬁq St + Fx 8 (2.9)
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o
where Rep, = : and d(Rex) = 5 dx . The interval of integration

for the above equation, to determine ReAz(x) s is from the midpoint of
the upstream plate to the midpoint of the next downstream plate, to de-
fine the enthalpy thickness Reynolds number at that downstream location.
The unblown Stanton number data were nominally 5-7 percent above the
baseline correlations in the blowing region for the P/D = 5 case. For
the case of P/D = 10 , alternate holes and alternate rows in the test
section were plugged, thus producing a much smoother surface with every
other row completely smooth., The Stanton number deviation was nominally
3 percent for the P/D = 10 unblown case for the plates containing holes,

with almost no Stanton number deviation on those plates that were com-

pletely plugged.
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Figure 2.2 Photograph of Discrete Hole Rig

Figure 2.3 Photograph of slant-hole injection test surface, showing
staggered hole array
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Chapter 3

EXPERIMENTAL DATA

3.1 Types of Data

The primary emphasis of the experimental program was the acquisi-
tioh of Stanton number data for a wide range of initial conditions and
blowing ratios, and two injectant temperatures at each blowing ratio.

The data were acquired for full-coverage surfaces with two different hole
spacings, and for the recovery region downstream of the full-coverage sur-
face., Mean velocity and temperature profiles of the boundary layer up-
stream of the blowing region were obtained to accompany the Stanton number
runs. Table 3.1 summarizes the data.

A secondary emphasis of the experimental program was the acquisition
6f a series of mean velocity and temperature profiles within the blowing
region, behind a hole in the ninth blowing row. The profiles were taken
for one set of initial conditions and for one blowing ratio and two in-

jectant temperatures at that set of conditions.

3.2 Description of the Stanton Number Data

The primary investigation was a study of the effects of the blowing
ratio on Stanton number for a hole spacing—-to-hole diameter ratio of 5 .
The tests were carried out with a mainstream velocity of about 16.8 m/s
and an Initial momentum thickness Reynolds number of about 2700 (in all

data reported, initial conditions are those of the boundary layer over

the midpoint of the upstream guard plate). In these tests an unheated
thermal starting length was used to give a well-defined initial thermal
condition (recall only the downstream half of the preplate could be heat-
ed).

To determine the effects on Stanton number of a thick thermal
boundary layer at the upstream edge of the blowing region, data at a
single value of M were taken for the hydrodynamic condition described
above and with the preplate heated. The initial enthalpy thickness

Reynolds number for the test with heating was about 1800. The effects of
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Table 3.1

Summary of slant-hole injection data

(note, Regz and ReA2 are upstream initial conditions
at guard plate midpoint)
30° VSLAN‘I‘-HOLE INJECTION
- - ) Partly
Unheated Preplate Heated Heated
Preplate Preplate
Vb;(m/s) 9.8 16.8 34.2 16.8 11.8
Re52 7 i960 | 2700 | 4700 2700 515
ﬁgéAz | 70 - .ViOO 160 1800 490
P/D-_w B '; 16 - gfﬁr-iéWﬁ 5 7710 5 10 5 10
v-0 | x| |x| x|x]| | x x | x
;;;i:_gi}_.fug‘,. - ,_ﬁug B I R
~;"; 0;27— X<m | X " 'X” X X X X
v-o06 | | |x|
w=0s | | |x| x| x | X
w-09s | | x| | | |
-1 | | | x

hole spacing on Stanton number were examined (for the hydrodynamic
condition mentioned above)by reconfiguring the hole array to P/D = 10
using plugs. For these tests an unheated starting length initial condition
was used, and tests were conducted at two blowing ratios.

The effects on Stanton number of changing the initial hydrodynamic
boundary layer were examined in two ways: (1) Tests were conducted with

a single blowing ratio, P/D = 5 , and upstream initial conditions
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of Reg2 = 1900 and 4700 and an unheated starting length. Initial

boundary layer thickness—to-hole diameter ratios for these tests varied
froﬁ 2.4 down to 1.9, and the tests were primarily considered to be an
examination of the effects of changing the mainstream velocity, or hole

. diameter Reynolds number, R . (2) Tests were conducted with two

e

o
values of blowing ratio M , ?;r P/D=5 and 10 , and upstream initial
conditions of Re52 = ReA2 = 500 . The initial boundary layer thickness
was about 0.5 hole diameters, and the tests were designed to examine the
effects of a very thin upstream boundary layer.

At each blowing ratio, data runs were taken with two injectant tem-
peratures: 0.0 < 8 < 0.1 , corresponding to a mainstream-temperature
fluid and 0.9 < 6 < 1.1 , corresponding to surface-temperature fluid.
The linear superposition equation (1.8) was then applied to the two data
runs (for a given M ) to adjust the data to Stanton numbers at 6 = 0,

1 . To adjust the recovery region data, the average value of © for
blowing rows 10 and 11 were used. The validity of the superposition
principle was checked by acquiring data at M = 0.3 and 6 =0, 1 and
1.26 and comparing Stanton number predicted by superposition at 0 = 1,26
with the experimental data at © = 1.26 . The results are shown in Table
3.2 .,

The data shown in the graphs are the superposition—adjusted data at
8=0, 1. A tabular form of all the unadjusted Stanton number data,
along with their adjusted wvalues (which are plotted) are given in Ap-
pendix I.

The Stanton number data have been plotted versus x-Reynolds number
and enthalpy thickness Reynolds number. The x-Reynolds number is a con-
venient nondimensional x coordinate that shows Stanton number as a
function of M and © for the same x location on the test surface.
Enthalpy thickness Reynolds number reflects the energy content of the
boundary layer and is perhaps most meaningful for the 6 = 1 data plots.
Determination of the virtual origin for ReX , and the enthalpy thickness
for ReA2 , 1s discussed in Sections 2.5.1 and 2.5.2 .

On the Stanton number graphs, the first 12 points are for the test
gsection plates. An arrow denotes the twelfth data point. The
remaining points are for every other recovery region plate. As in-

dicated in Section 2.5.2, the reference lines shown on the x-Reynolds
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. Table 3.2

Comparison of experimental Stanton numbers with Stanton numbers

predicted by applying superposition to experimental data at 6 = 0,1
Plate St (6 f 1.26) st(6 = %.26) Error
experimental theoretical %
2 .00250 .00249 - 0.4
3 .00178 .00180 + 1,1
4 .00147 .00148 + 0.6
5 .00136 .00139 + 2.2 i
6 .00129_, .00124 - 3.9
7 .00118 .00118 0 )
8 00113 .00114 + 0.9 il
9 .00104.. , .00102 - 1.9
10 .00102 .00097 - 5.0
11 .00095 .00093 - 2.1
12 .00093 .00093 0
15 .00114 .00106 - 7.0 .o
18 .00118 .00116 - 1.7
21 .00118 .00116 - 1.7
24 .00120 .00118 - 1.7
27 .00126 .00124 - 1.6
30 .00133 .00128 - 3.8
33 .00132 .00131 - 0.8

hih

number and enthalpy thickness Reynolds number graphs are accepted cor-
relations for two-dimensional equilibrium flow over a smooth plate .with
constant wall temperature and hydrodynamic and thermal boundary 1ayéré

beginning at the same point.

3.3 Stanton Number Data -
The experimental Stanton number data have been segregated into four

sections for discussion. Certain data trends are common to all the data;

these will be discussed in detail only in Section 3.3.1. More complete

analysis of the data will be found in Chapter 4.
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3.3.1 Thick Initial Boundary Layer with Heated Starting Length
The first data set to be diséussed is for M= 0 and for
M= 0.4 . The trends exemplify the general behavior common to all of
the full-coverage Stanton number data sets which follow. Also, the M= 0.4
blowing ratio for this data set will be common to all the data sets which
follow. Initial conditions of the boundary layer for this set were
Regz = 2700 and ReA2 = 1800 .

M = 0. The first data obtained in each data set were with
M = 0 to establish a baseline., Figure 3.1 shows the initial velocity
profile over the midpoint of the guard plate for this run, and Figure
3.2 shows the initial temperature profile. Information concerning the
profiles is given in the profile graphs. The velocity profile is seen
to be a typical turbulent boundary layer profile, with a boundary layer
thickness of about two hole diameters. The Stanton number data are plot-
ted versus Rex in Figure 3.3, and versus ReA2 in Figure 3.4 . 1In the
latter figure, the data are seen to rise 8 to 10 percent above the gen-
erally accepted Sto curve, hereafter called the equilibrium line. This
is attributed to a roughness effect of the open holes on the boundary
layer. 1In the recovery region the Stanton number drops to within two per-
cent of the equilibrium line within a few boundary layer thicknesses.
The roughness effect will be seen more clearly in conjunction with the

P/D = 10 data in Section 3.3.4 .

6 =1 (T2 = To). In Figure 3.3 (Rex) the Stanton number

is seen to drop 10 percent below StO for the first blowing plate and

30 percent below Sto for the second plate. This 10 and 30 percent drop
is common to all P/D = 5 data and low M , and it is discussed in Ap-
pendix IV. The Stanton number continues to monotonically decrease
throughout the blowing region. In the recovery region Stanton number
shows a gradual rise. The data are replotted in Figure 3.4 (ReAz) .
There is a wide spacing between data points because the injectant
greatly increases the enthalpy content of the boundary layer. By the

end of the blowing section Rep, = 10,000 , and the momentum boundary

layer thickness was 6 to 7 cm .
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The boundary layer is highly non-equilibrium at the end of the blow-
ing section, and over the 60 cm recovery region test plate (about 10
boundary layer thicknesses) the Stanton number does not recover to the
equilibrium line. The retarded recovery is related to the excess enthalpy
content of the thermal profile associated with a momentum boundary layer
that does not have the turbulent transport necessary to diffuse the pro-
file. This is discussed in more detail in Chapter 4.

The monotonic decrease in Stanton number in the blowing region is
also typical of transpiration cooling, The two cooling schemes can be
compared for any M by computing an equivalent blowing fraction, F ,
using equation (1.2). Transpiration Stanton numbers as a function of F
can be found in Kays and Moffat (1975). TFor all low M data the St(6 =
1) data for discrete hole injection are much higher than the equivalent
transpiration Stanton numbers. Blowing at M = 0.4 with P/D =5 con-
verts to F = 0,012 , which would '"blow off" a transpiration boundary lay-

er, producing zero heat flux.

6 =20 (T2 = T ). In Figure 3.3 (Rex) the Stanton number

rises for the first few blowing rows and then drops down slightly and
levels out to an almost asymptotic value, independent of the number of
rows of holes. The asymptotic behavior is exhibited by all of the slant-
hole data for M > 0.4 at P/D =5, and for M= 0.8 at P/D = 10 .
For the recovery region, once the intense mixing from the jet-mainstream
interaction is removed, the Stanton number rapidly drops below the St0
data over a distance of about five boundary layer thicknesses, and then
returns towards the Sto data. The drop is in response to a much—-
thickened boundary layer without increased turbulent mixing. The data
are replotted in Figure 3.4 (ReAZ) . The closely spaced data reflect
the fact that the mainstream—temperature injectant does not increase the
enthalpy content of the boundary layer (see equation 2.9). In the recovery
region, the-boundary layer rapidly adjusts to no-blowing conditions. A
similar fast adjustment is seen in transpiration cooling data. (Kays and
Moffat 1975). By the end of the recovery region the boundary layer has
almost returned to the equilibrium line.
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Asymptotic behavior for the © = 0 thermal condition was also ob-
served by Mayle and Camarata (1975) for compound-angle injection with
P/D=8 and 10 and moderate M . They write, in explanation:

"This indicates that the flow field near the sur~

face is streamwise periodic and dominated by the jets.

Thus, it appears that as the hole spacing is decreased

or the coolant flow increased, a transition is grad-

ually made in which the usual streamwise growth of the

thermal boundary layer yields to a periodic growth gov-

erned by the jets."
This assessment seems plausible. However, as will be discussed in Chap-
ter 4, it is believed that the phenomenon of a nearly constant Stanton
number also implies a nearly constant turbulent transport or eddy vis-
cosity/conductivity with respect to the streamwise direction, independent
of boundary layer growth. Appendix V contains a discussion of a possible
similar type of asymptotic behavior for the 6 = 1 data, along with a

discussion of possible jet coalescence, which might contribute to it.

3.3.2 Thick Initial Boundary Layer with Unheated Starting Length

The second data set to be discussed is the most comprehensive
set in that it formed the basis for the study of the effects of blowing
ratio and hole spacing on Stanton number. This data set includes P/D of

5 and 10 with the initial Re52 = 2700 and an unheated starting length.

M = 0. The initial velocity profiles for the unblown Stanton
number runs are shown in Figure 3.5 . The Sto data are plotted versus
Re  ~and Rep, in Figures 3.6 through 3.10 . 1In the Rep, plots the
data approach the equilibrium line and pass slightly above it near the
downstream edge of the test section. The approach from below is indicative
of an unheated starting length, and the pass over the line, coupled with
the drop in the recovery reglon, again suggests the roughness effect on
Stanton number due to the discrete holes. The roughness effect is dimin-

ished, though, for the wider hole spacing.

=1 (T2 = To). In Figure 3.6 (Rex) Stanton number data

are plotted for P/D =5 and with M varying from 0 to v 1,2
in increments of "~ 0.2 . 1In the blowing region M = 0.18 yields the
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lowest Stanton number over the first three plates, with M = 0.37 pro-
ducing the lowest value over the rest of the blowing region. Note the

v 10 percent and v 30 percent drop in St for the first two blowing TowsS.
Values of M greater than 0.37 cause the Stanton number to rise above
the minimum values,with M = 1.21 causing the Stanton number to pass
above the M = 0 curve over most of the blowing region. This increase
in Stanton number with increase in blowing is attributed to the jets
penetrating farther into the boundary layer to provide less protection
and to increase the turbulent mixing. In the downstream recovery region
the Stanton number data appear to rise immediately for M = 0.18 and to
remain unchanged for M = 0.37 . For all larger M the Stanton number
continues to decrease throughout the recovery region. The recovery
region flow length is about 63 cm. Thus, for a 6 of 5 to 7 cm at the
start of this region, the recovery flow length for the data is about 9 to
12 6§ . These data are replotted in Figure 3.7 (ReAz). The

M= 0.18 and 0.37 data lie below the two—-dimensional equilibrium line
in a manner characteristic of transpiration—-cooled surfaces. Data for

M = 0.52 1lie near the equilibrium line, with all larger values of M

~ T ey A S -y
1C e il Ll

d
line. For higher blow-

B

g a
M < 0.4 appear to be returning to the equilibri
ing, the data trend is uncertain.

The P/D = 10 data are shown plotted versus Rex in Figure 3.9 .
The M = 0.36 data produce a minimum Stanton number in the blown region
with the M = 0.75 data lying above the low blowing ratio data. Stanton
number variation in the blowing region is due to alternate rows of holes
being plugged. The data from Figure 3.9 are replotted in Figure 3.10
(ReAz) . In the recovery region, the Stanton number for M = 0.36 and
6 =1 1is seen to return to the equilibrium line. However, the recovery
region data for M = 0.75 and 6 = 1 appear not to be returning to the
line. This is attributed to a problem with the heat flux sensor response
to a three-dimensional flow in the recovery region. For P/D = 10 and
high M , the flow should be much more three-dimensional than its counter-
part at P/D = 5 , primarily due to increased jet penetration because of

the "individuality" of the jets for the wider spacing. Because the flow

41



width for "averaging" of the heat flux with afterplate is 5 cm and the
discrete holes are spaced about 10 cm apart, any three—diménsional ef-
fects will greatly affect the sensor.' A similar anomaly was séen by
Choe et al. (1976) for the data seét obtained with natural transition over
the blowing region, indicating the heat flux sensors were not'fespbnding
to givé a spanwise—averaged’heat transfer coefficient, when cdmpared to
the test section plate wvalues. . o

Visual comparison of the P/D = 10 data with the P/D = 5 data re-
veals that the major effect of increased hole spacing is to reduce the
effect of blowing i.e. to reduce the Stanton number departure from Sto .
Stanton number is the nondimensional heat transfer coefficient, averaged
over the area associated with one hole. This area increases by a factor
of four for the increased hole spacing, and thus there is much less cover-
age for each jet. There are two bases for comparison of heat transfer
performance of the two P/D surface configurations. The first basis is
at the same blowing ratio, M , and the second basis is at the same blow-
ing fraction, F . At a specified F , the same mass flow of coolant
will be injected for the two P/D surfaces to provide protection. The

data for P/D =5, 10 will be compared on an F basis in Chapter 4.

8 =0 (T2 = T_). In Figure 3.6 (Rex) Stanton number data

are plotted for P/D =5, 1In the blowing region the M = 0.2 and 0.4

data have a pattern that is different from the higher blowing ratio data.
The M = 0,20 curve follows the M = 0 curve over the first eight blow-
ing rows and then gradually diverges. The M = 0.40 curve follows the
M = 0 curve over the first four blowing plates before diverging. For
all higher values of M the data depart abruptly from Sto after the
second data point. In the downstream blowing region the curves exhibit
an asymptotic behavior, indicating that a local equilibrium has been
established between the surface and the fluid in the near-wall region.

In the recovery region the data for M = 0.2 and 0.4 immediately dip
below the M = 0 curve. For M > 0.58 the Stanton number data decrease
much more slowly in the recovery region, and for M > 0.93 the data lie
above the M = 0 curve over the entire recovery region. The data are

replotted versus Re in Figure 3.8 . Most of the data lie above the
A2
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two~dimensional equilibrium line in the blowing region. For M < 0.4
the data dip below the reference line in the initial recovery region,
and then appear to return toward it. Trends in the data are uncertain
for higher blowing ratios, but they appear to be returning toward the
equilibrium line,

In the initial blowing region for high blowing ratios, the Stanton
number is seen to rise and then drop back towards its eventual asymptote.
A similar Stanton number rise is seen in the initial blowing rows for
the © = 1 data. This behavior may be due to less jet penetration,
coupled with increased turbulent mixing in the near-wall region. Flow
visualization photographs by Colladay and Russell (1975) support the
less penetration idea, and the computer predictionsin Chapter 4 supporf
the increased mixing idea. Physically, there should be higher upstream
boundary layer momentum in the near-wall region to turn the jets. As
the boundary layer flows over the rows of holes, though, a larger
boundary layer momentum deficit is created, and the jets are able to
penetrate farther into the boundary layer before being turned into the
dowvnstream direction.

The P/D = 10 data are shown plotted versus Rex in Figure 3.9
and versus ReA2 in Figure 3.10, The data for the high blowing ratio
do not appear to reach an asymptote, whereas the data at the same M
and P/D =5 do reach an asymptote. This is partly attributed to the
unheated starting length initial condition. The same type of tests
were conducted at P/D of 5 and 10 with a heated starting length,

discussed in the following section.,

3.3.3 Thick Initial Boundary Layer with Change in Mainstream

Velocity
The third data set to be discussed is part of the study of

the effects on Stanton number of changes in the upstream hydrodynamic
boundary layer. For this data set, obtained on the P/D = 5 surface,
blowing ratios of M =0 and M = 0.4 were used, and initial conditions

were Re§2 = 1900 and 4700 and an unheated starting length.

M = 0, Initial velocity profiles for the Re52 = 1900 data
and Reg, =~ 4700 data are shown in Figures 3.11 and 3.14, respectively.
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Parameters for these boundary layers éfeicompared with the Re52 = 2700

profile parameters (discussed in Sections 3.3.1 and 3.3.2), as shown below

ReAz(inl.) Reaz(inl.) Uoo ?E ReD,m 6.99/D 62/D
: C.YE)IS: ENa N S
70 1900 9.8 | 6500 2.4 .30
TR - 100
1800} 2700 16.8 11200 2.0 .23
160 4700 34.2 22400 1.9 .21
In «the: above table, ReD - is a hole-diameter Reynolds number, ReD o =
L] s

U,D/V (see Section 4.2 for a discussion of this Reynolds number). The
three boundary layers have about the same thickness ratios, while the

mainstream velocity is significantly different for the three runs.

6 =1 (T2
in Figure 3.12 (Rex) and 3.13 (ReAz) - The initial Reg, = 4700 data
%%
are plotted in Figure 3.15 (Rex) and 3.16 (ReAz) . All of the data

= To)° The initial Re(g2 ~ 1900 data are plotted

drop below the St0 data in the blowing region and indicate a slight
rise in the recovery region. The trend is identical to the initial

Reg, = 2700 data of Section 3.3.1 .

=0 (T2

_ = T,). The initial Reg, = 1900 data are plotted
in Figure 3.12 (Rex) and 3.13 (ReAz) . The Stanton number is seen to

depart from the Sto data after the first blowing row, and in the re-
covery region it dips significantly below the Sto data before returning.
The initial Re(g2 = 4700 data are plotted in Figure 3.15 (Rex) and
3.16 -(ReAZ) . The data are seen to follow the St0 data for about.
five blowing rows before departing, and in the recovery region the Stan-
ton number returns to the equilibrium line without dipping below it.

The response of the Stanton number to 6 = 0 injectant and M =
0.4 dis entirely different for each of the four initial conditions dis-
cussed to this point. 1In all cases the Stanton number data for 6 = 0
appear not to reflect the presence of the mainstream—-temperature inject-
ant (aﬁ least for low M ) until the thermal boundary layer grows beyond
the péhetration distance of the lnject;nt. For the initial condition of
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an unheated starting length and for the first few rows of holes, the
thermal boundary layer was extremely thin when compared to the diameter
of the jet. For this initial condition, St(6 = Q) = StO until the
thermal boundary layer thickens. For the heated starting length data
of Section 3.3.1, St(6 = 0) >> Sto beginning with the second blowing.
plate, reflecting the already existing thermal layer. The various data

at M = 0.4 will be compared in Chapter 4.

3.3.4 Thin Initial Boundary Layer with Heated Starting Length
The last data set to be discussed is the second part of the
study of the effects of the upstream hydrodynamics. This data set was
obtained on the P/D =5 and 10 surfaces, and the initial conditions

were Re52 ~ ReA2 = 500 .

M = 0. Figure 3.17 shows two initial velocity profiles,

taken for the Sto data runs, and Figure 3.18 shows corresponding tem-
perature profiles. The profiles exhibit outer region similarity, but

the inner region differences, plus the shape factor information for the
velocity profiles, indicate the flow is still probably transitional on
the guard plate (the virtual origin is about 19 cm upstream). The Sto
data in Figures 3.19 through 3.22 indicate, however, that by time the
second plate is reached, the flow is completely turbulent and the boundary
layer is an equilibrium layer (see Section 2.5.1 for a discussion of how
the thin boundary layer was obtained). The initial boundary layer thick-
ness 1s about one-half of one hole diameter, while the mainstream veloc-
ity is midway between that for the Res2 = 1900 and 2700 boundary
layers.

The Sto data for P/D =5 are seen to be about 8 to 10 percent
above the equilibrium line in the test plate region, and for P/D = 10 ,
the Sto data lie on the equilibrium line. Presumably the difference
is due to the effect of hole roughness on the boundary layer; with
this wide hole spacing, 71 percent of the holes were plugged, thus yield-
ing an effectively smoother surface. Note that the alternate data
points in the blowing region (where all the holes in the blowing row are
plugged) deviate even less. The Sto data in the recovery region are

seen to lie slightly below the equilibrium lines, in either Rex or
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REAZ coordinates, partly because no variable property correction has
been applied to the data. This correction, for an experimental AT of

about 15°C is about 2 percent (see Kays 1966).

6 =1 (T2'= To). The data for P/D = 5 are blotted in
Figure 3.19 (Rex) and 3.20 (ReAz) . The data trend is the same as

that exhibited by the Re52 = 2700 data in Figure 3.3 or 3.6 . The

M = 0.4 data provide the lowest values of Stanton number, with higher
blowing ratios causing an increase in Stanton number over the blowing
region. 1In the recovery region, the M = 0.4 .data level out, while
Stanton number for the higher blowing ratio drops, indicative of a much-
thickened thermal boundary layer. The P/D = 10 data are plotted in
Figure 3.21 (Rex) and 3.22 (ReAz) . The major effect of the increased
hole spacing is, again, a much diminished departure of the Stanton number

from St .
o

6=0 (T2
Figure 3.19 (Rex) . The data trend follows that of Figure 3.3 for a

= Tw). The data for P/D = 5 are plotted in

heated starting length condition in that it reaches an asymptote, inde-
pendent of the number of blowing rows. 1In the recovery region, the Stan-
ton number appears to be slower in returning to the equilibrium line when
compared to the high Reynolds number data of Figure 3.3 . The data are
replotted in Figure 3.20 (ReAz) . The slow return to equilibrium can
be more easily seen in this graph. This apparent slow return may be due
to the thin momentum boundary layer and its effect on the turbulent mix-
ing. During the course of prediction of the M = 0.4 data (see Chapter
4), the same two "'model constants" satisfactorily predicted the initial
ReGZ = 1900 , 2700 , and 4700 data, with either heated or unheated
starting length, but the mixing length model constant was low for the
initial Reaz ~ 500 data. This result, coupled with the slow return of
St to equilibrium downstream of the blowing region, may be an indication
of a different turbulent structure for a boundary layer whose thickness
is on the order of the diameter of the jets.

The P/D = 10 data are plotted in Figure 3.21 (Rex) and 3.22
(ReAZ) . Visual comparison with the P/D = 5 data of Figures 3.19 and

3.20 reveals again (see Section 3.3.2 for a parallel study and discussion
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at high Re52) ;hat the major effect of increased hole spacing is to_re—
duce the overall level of the Stanton number departure from Sto . The
data for P/D=5 and 10 will be compared on a blowing fraction basis
in Chapter 4. .

3.4 Spanwise Velocity and Temperature Profiles

The boundary layer over the film-cooled surface was probed to ob-
tain profiles for use in developing 'a mixing-length turbulence model;
and for confirmation of computed ReAz(x) from equation 2.9 . The pro-—-
file data were obtained for initial and boundary conditions of the data
set described in Section 3.3.1 (Re,s2 = 2700 , ReA2 = 1800 , M = 0.4 ,
and 6 = 0, 1) . The profile data are tabulated in Appendix II.

Figure 3.23 shows 11 velocity profiles acquired downstream of an in-
jection hole in the ninth blowing row, along with a sketch of the loca-
tions where they were acquired. The profiles were taken with isothermal
conditions to eliminate variable property effects. Profiles 1 and 11,

2 and 10, 3 and 9, etc., would be identical if the flow were perfectly
symmetrical. Note that locations 1, 6, and 1l are symmetry line loca-
tions for the discrete hole array. Comparison of profiles 1 and 11 show
the flow is indeed symmetrical at these locations, but at the intermed-
iate locations, a slight lack of symmetry is found. Uncertainty in the
experimentally-acquired profiles is 5-10 percent in the near-wall region
because of uncertainty in the static pressure field around the jets
(especially for profiles 5 through 7).

Profiles 1 and 11, taken five hole diameters downstream of an in-
jection site, show the presence of the upstream jet. It is attached to
the wall with a peak velocity of about 0.5 U, , whereas the fluid was
injected with a velocity of 0.4 U, . This increased velocity is in
response to conservation of the jet axial and transverse momentum as
the jet is turned into the downstream direction by the boundary layer
flow (Campbell and Schetz 1973 give a very comprehensive and excellent
treatment of the equations governing a jet in cross flow). Profile 6

shows the jet lifted from the surface due to the 30 degree injection

~angle.
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The velocity profiles from Figure 3.23 have been spanwise-averaged
using a Simpson's rule type of quadrature, and the averaged velocity pro-
file is plotted in Figure 3.24. Shown also in the figure is a one-sixth
power velocity profile. Comparison of the two profiles shows the large
momentum deficit created by the discrete hole injection process. From
the spanwise-averaged velocity profile a shear stress profile was ob-
tained and is plotted in Figure 3.25. From the spanwise-averaged ve-
locity profile and shear stress profile, a mixing-length distribution
was computed and it is plotted in Figure 3.26. The mixing-length pro-
file will be used in Chapter 4 to deduce the general form of an augmented
mixing-length expression. Details of the computing equations for the
shear stress profile and mixing-length profile are given in Appendix VI.

Temperature profiles for © = 1.00 (injectant temperature equal to
wall temperature) are shown in Figure 3.27. The presence of the jet can
be seen in profile 6. Profiles 1 and 11 show a large enthalpy excess
over a three-hole-diameter region above the surface. A similar set of
profiles were taken for © = 0,16 (injectant temperature about equal to
mainstream temperature), and they are shown in Figure 3.28. Again pro-
file 6 shows the presence of the mainstream-temperature fluid. In pro-
files 1 and 11 the presence of the '"sink-type'" injectant is not detected.
The temperature profiles for 06 =1 and © = 0.16 have been spanwise~
averaged, and they are plotted in Figures 3.29 and 3.30 respectively.

Table 3.3 summarizes the momentum and enthalpy thickness Reynolds
numbers for the velocity and temperature profiles of Figures 3.23, 3.27,
and 3.28 (from tabulations in Appendix II). Also shown in the table are:
(1) ZIRe/11 , the arithmetic-averaged Reynolds numbers for the 11 pro-
files; (2) the Re wvalues for the spanwise-averaged velocity and tem-
perature profiles of Figures 3.24, 3.29, and 3.30; and (3) the ReA2
values computed by integration of the data in Figure 3.3 using the en-
ergy integral equation (2.9). The quantities referred to in (1) and (2)
are almost identical. The comparison between (2) and (3) shows that the
calculated ReA2 (using experimental Stanton numbers) agree with the

spanwise-averaged ReA2 to within five percent.

48



Table 3.3

Momentum and enthalpy thickness Reynolds numbers

for the velocity and temperature profiles in Figures 3.23 through 3.30

Profile Reé‘2 ReAz(e = 1.00) ReAz(O = 0.16)
1 6833 10,259 3898
2 6759 8,861 3924
3 6181 8,137 3920
4 5769 8,341 3991
5 6654 9,920 3910
6 6814 9,642 3409
7 7734 10,138 4001
8 7051 9,070 4296
9 6381 8,617 4181
10 6720 9,158 4158
11 7255 9,490 4079
IRe/11 6741 9,240 3979
Spanwise-
averaged 6792 9,200 3978
profile
Data
reduction
program —— 8,734 4052
(midpoint
plate 11)
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Figure 3.22 Data from Figure 3.21, replotted versus enthalpy thickness Reynolds number
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Figure 3.23 Velocity profiles downstream of ninth blowing row (see
Figure 3.1 for boundary layer initial conditions)
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profiles in Figure 3.23

5.0 T T T T

4.0

SPANWISE -

.ol  AVERAGED ]
SHEAR STRESS
PROFILE
| I i
o .2 4 .6 .8 1.0

y/8

Figure 3.25 Shear stress profile obtained using the spanwise-
averaged velocity profile
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Chapter 4

ANALYSIS OF THE DATA

4,1 Effects of Full-Coverage Film Cooling on Stanton Number

The heat transfer data have been presented in some detail in the
previous chapter. The purpose of this section of Chapter 4 is to sum—-
marize the effects of injectant temperature and blowing ratio, upstream

initial conditions, and hole spacing on Stanton number.

4.1.1 Injectant Temperature and Blowing Ratio

One of the important factors in heat transfer with full-
coverage film cooling is the injectant temperature level, T2 s compared
with the surface and mainstream temperatures. Because of the linearity
of the governing energy equation for small temperature differences, the
heat transfer is a linear function of T2 « Thus, the acquisition of
Stanton number data for two injectant temperatures (all other parameters
fixed) provided sufficient information to define the Stanton number as
a continuous function of T2 . For the steady state heat transfer tests
described herein, the injectant temperatures were T2 = To (6 =0) and
T2
in a © parameter slightly larger than unity (Colladay 1972). Therefore

=T, (6 =1) . For gas turbine applications T2 < T0 < T, , resulting

the © = 1 data trends described in Chapter 3 should be indicative of
the Stanton number behavior on a full-coverage turbine blade.

While Stanton number is a simple function of 0O , it is a very com-
plex function of blowing ratio. Figure 4.1 shows Stanton numbers from
plate 11, Figure 3.6, plotted versus blowing ratio. The data exhibit a
nonlinear dependence of St on M for P/D = 5. Also shown in Figure
4,1 are predicted Stanton numbers for a typical 6 operating condition

to demonstrate the superposition principle. The predicted Stanton num—

ber decreases to a minimum at M = 0.4 and then rises as M increases.
This minimum in St for a typical 6 operating condition is clearly
seen in the 0 = 1 data. This minimum appears to be independent of up-
stream initial conditions. For example the data in Section 3.3.4 (thin
initial boundary layer) shows M = 0.4 produces a lower St(6 = 1) than
does the M = 0.8 data, for both P/D=5 and 10 .
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The drop in Stanton number for low M and 6 = 1 is similar to
that found in transpiration cooling, but not as pronounced. With both
cooling schemes the heat transfer 1s reduced due to addition of wall
temperature fluid which 51gn’ icantly alters the temperature profile in
the near-wall region. However, the cooling effect is diminished with
full-coverage cooling because of increased turbulent transport. The
spanwise velocity profiles indicate the full—coverage jets affect the’
transport over a range from the wall to at least two hole diameters
above the wall, whereas with transpiration only the sublayer is affected.
Thus, for an equivalent wall mass flux of coolant;(equal F), the Stanton
number with film cooling will be higher.

The change in Stanton number with M for M > 0.4 suggests the
film cooling jets are delivering the coolant further out into the bound-
ary layer. This increased penetration distance has a two-pronged effect.
By depositing the coolant farther away from the surface, the coolant must
be convected or diffused back into the near-wall region in order to re-
duce the wall heat transfer. During this process the coolant entrains
boundary layer fluid, and in particular, near-mainstream temperature
fluid, and equilibration with the entrained fluid severely reduces the
effectiveness of the coolant. The second major effect of increased pene-
tration is increased turbulence production. The resulting increased
turbulent transport in the outer layer may enhance the coolant diffusion
back to the surface, but it also enhances the jet entrainment process
which "dilutes" the coolant.

In the recovery region the Stanton number response for © = 1 has
three distinct patterns. For low blowing ratio (M < 0.4) the boundary
layer immediately begins to recover in a manner similar to the region
downstream of a transpiration section. For M = 0.4 the recovery region
heat transfer becomes a constant, at least for the recovery region of
these experiments (about 60 hole diameters). For M > 0.4 the Stanton
number continues to decrease throughout the. recovery region.

The recovery region response suggests that it may be possible to
use an interrupted hole array pattern for turbine blade cooling. If the

thermal boundary layer can be "pumped up" with coolant from several rows
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of holes, then downstream of those rows the Stanton number will be de-
layed in rising. (This conclusion is based on P/D = 5 data only, and
for a very low mainstream turbulence level).

Presumably what happens in the recovery region is that the thermal
boundary layer is spatially "frozen" because there no longer exists a
mechanism for fast diffusion of the "pumped up" temperature profile
(see Figure 3.24 for a typical © = 1 temperature profile). The pro-
file restoration must come from turbulent mixing, but its predominant
source will be wall-generated turbulence. In effect, a new momentum
boundary layer begins in the recovery region, and until it engulfs the
major part of the existing thermal boundary layer, the Stanton number

will be depressed.

4.1.2 Upstream Initial Conditions

The initial conditions of the turbulent boundary layer were
systematically varied to obtain data for developing integral correla-
tions and for testing differential prediction models. Figure 4.2 shows
all the data for M = 0.4 and P/D =5, replotted as St(e)/St° ver-
sus the downstream distance, x , where St0 is Stanton number for
M= 0 and the same upstream initial conditions as St(8) .

In Figure 4.2 the Stanton number ratios for 6 = 1 drop below
unity in a fairly tight band for both the blowing and recovery region
(note there is no apparent explanation of why the Re(g2 = 2700 unheated
starting length data should be low, when corresponding data at Re(g2 =
1900 and 4700 are within the band). This tight grouping for
8 = 1 suggests there is, at most, a slight effect of U, on Stanton
number. For example, the Re(g2 ~ 1900 and 520 data, both with about
the same U but much different initial boundary layer thicknesses,
have slightly higher Stanton number ratios than data with higher main-
stream velocities., This velocity dependence is introduced into the
data correlation in Section 4.2 in terms of a hole-diameter Reynolds
number, ReD,m = DUw/v .

Also shown in Figure 4.2 are Stanton number ratios for 6 = 0 .
The low and high Re(g2 data with heated starting length rise in the
initial blowing region whereas the high Re52 data without a heated
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'startiﬁg length do not.” This is a thermal boundary layer effect. In-
Jecting 8 = 0 fluid does not directly contribute to the growth of

ReA2 ,fso-until the thermal boundary layer grows beyond the penetration
height of the jets, the Stanton number is only marginally different from

st .
o

4.1.3 Hole Spacing

Stanton numbers were obtained for P/D = 5 and 10 and visualﬁ

w
ggmparisgu of these data in Chapter 3 revealed a much diminished effect
for the same M with thé wider hole spacing. The comparison is more
meaninéful when the data are compared at equal F , which implies equal
mass flux of coolant injected over a given surface area. This comparison

will bée made in the next section.

4.2 Correlation of the Stanton Number Data

One method of evaluating film-cooling performance is to evaluate
surfacg heat flux with and without film cooling, &"(e)/é; » at the same
location on the surface. Because both heat fluxes are defined using the
same convective rate equation, the film-cooling performance can be sim-
plified to evaluation of h(G)/ho or St(ﬁ)/Sto . The 5t(8) informa-
tion can be obtained by applying superposition to correlations of the
fundamental Stanton number data sets at 6 =0 and 06 =1 .

The data for 6 = 1 were correlated based on a Couette flow analy-
sis developed by Choe et al. (1976),

- n(l + B,)
saggt 1) - . h” | P (4.1)
o h

Rey

where -Bh is the blowing parameter, defined as Bh = F/st(6 = 1), and

¢ 1s a function that is unity for transpiration cooling, and greater
than unity for full-coverage film cooling. Thus, ¢ 1s a measure of
deﬁar;ﬁre from the ideal case of transpiration cooling.

0 2Figure 4.3 shows all data for © = 1 plotted as ¢ versus F -

i ReD o * The solid line for P/D = 5 and the dashed line for P/D = 10
’

- are best-fit lines for the data. Both lines change slope at an F cor-
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.;responding to M = 0.4 . As discussed in Chapter 3, this bidwing ratio
appears to be the highest value for which the cooling jets remain at- -
tagﬁed}tq.the.surface (at least for the P/D = 5 data).
., - »The mainstream velocity effect mentioned in Section 4.1.2 is re-
flected in the F » ReD'?
; , Dy
.fect .on Stanton number.ratio for changes in U, . It is.présumed that :

product. The 0.2 power indicates a small ef-

Re is the correct correlating parameter; no tests were conducted

D,» .
«:with:changes in hole diameter to verify it. However, the trend in the
functional dependence for ReD o is in the right direction, i.e., as
’

D becomes smaller, ¢ becomes smaller for the same F , and in the
liﬁif as it approaches zero, ¢ approaches unity, which is transpiration
¢ .gooling.

- The effect of changing the pitch-to-diameter ratio is also seen in
Figure 4.3. For a given blowing fraction, the ¢ value increases, in-
dicating even less effective surface protection, i.e., higher heat trans-
fer coefficients. This is not surprising, since, to have equal F
(mass flux of coolant), as P/D increases, M must also increase, re-
sulting in greater jet penetration and increased turbulent.mixing.

" * "Correlations of the 6 = 1.0 data for P/D=5 and M > 0.4 ‘are

as followis:

fn(l + B,)
S_t- o = 0.5+ 23.2 F - Reo'z _..___L (4'2)
Sto D, Bh

or, in ReAz coordinates (following Whitten, Kays, and Moffat 1967)

' : 1.25
Y 1.25 [am@ + B))
St - 0.2 « |o—o—_h" . 0.25
§.-E_ ‘ [0.5 + 23.2 F ReD,oo] [ Bh ] : a+ Bh) .

.Q Rep, -
e (4.3)
.- The values for Sto in equation (4.2) or (4.3) are the typical

smooth flat plate values, as recommended by Kays (1966), for example.
The data summary sheets in Appendix I give values for ¢ and the equa-

tion used to generate St° values.
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: For 9 = 0 , the Stanton number data could be correlated as a ‘func-
ftion of ReD.°° for those data which reached an asymptotic state, ;ﬁde-
pendent of the number of rows of holes upstream. Correlation of the data
‘was particularly troublesome because of insufficient asymptote data.
:Stanton numbers for M < 0.4 ‘at P/D = 5 failed to reach an"asymﬁtdte'”'
Ebecause of the unheated starting length initial condition. Stanton num-
iers for P/D = 10..did not reach an asymptote because of insufficient
test surface length; i.e., only six rows of holes were available when the
%test section‘ﬁaswreconfigured. . :_ T
For M > 0.4 ‘and initial Re52 =:500 (Re, = 7900),fthe-c6£r§1&ting

D,
it |

equation for P/D =5 data is
© st(8=0) = 0.0132 FO*7 T e

= 11,200) and P/D = 5 the correlating equation is

50

For Re52_= 2700 (ReD

se(® = 0) = 0.0112 ¥0*32 : 4.5)

4.3 Development of a Prediction Model

'The overall goél of the full-coverage filmjcpoling_rgsearch at Stan-
ford is to develop a prediction method to aid in design of full-coverage
turbine blades. Three types of methods were considered: ' (1) integral
analysis, (2) two-dimensional differential analysis, and (3) three-dimen-
sional differential analysis. A differential type of analysis was chosen
primarily because of 1ts provision for a greater flexibility in turbulence
modeling. _ ' o

In choosing between using a two—aimensional differential analysis
(coupled with simple empirical models for the film-cooling process) and
a three-dimensional analysis (perhaps fhe-bnly "true" analysis), the fol-
lowing were considered: the computation scheme had to have a relatiﬁély
short execution time to make it attractive as a "design tool", and the
scheme had to have a relatively small computer core requirement. ‘Based
on these criteria, a two-dimensional scheme was pursued.

The differential method that was developed consisted of the two= -
dimensional boundary layer program, STAN5, with added routines-to model::
the injection process and turbulence augmentation.  Flow over the full-
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coverage surface was considered to be deseribable-by boundaryilaye: equa-
tions (see Herring 1975 or Choe et al. 1976 for a discussion of the
‘applicability of these equations). The program solves these equations,
marching in the streamwise direction. Fluid is injected inté the bound-
ary layer by stopping the program when a row of holes ‘is encountered and
dividing the injected fluid among the stream tubes between the wall and
some "jet penetration point". The jet-boundary layer interaction is
modeled by augmenting the Prandtl mixing-length. Two ' constants_ are re-
quired, in addition to the accepted constants for predicﬁiné boundary
layer flow over a flat, slightly rough plate. _

The boundary layer equations being solved are thoee‘descr;bed‘in the

STANS5 documentation report (Crawford and Kays 1975)1for flow over a flat

surface
N
5% (PU) ay(° ) =0 - = (4.6)
L) u _. _ dPp 9 au. o -
pU§—-+ st—- T T8 dx dx + ay(yeff By) _ (4.7
| * Uy 2

UBI BI _ 3_ 0Tl , “eff . _ _ 1 3 _{u” '

Py + pvay T dy Haff 3y + g.J a Preff) oy (2 ) (4.8)

Sk
where I =1 + U2/2gcJ + The effective viscosity and effective Prandtl

number are defined in terms of an eddy viscosity and turbulent Prandtl

number,
oge = (M +uD) =. PV + €) (4.9)
£
1+ 2
P - Uefs - v . (4.10
Toff K . [k T M 1 -10)
c) e Bty P
t t
where U, is the turbulent viscosity, kt is tne turbulent condnctivity,

and c 1is the specific heat.
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The-éddy diffusivity for momentum is modeled by the Prandtl mixing-
length .

- ,2,9U :
fy = 2 lByl | (4.11)
The mixing-length distribution will be described in Section 4.3.2.

The turbulent Prandtl number, Prt s, is presumed to follow the flat
plate?vhriatioh:descfibed-in Crawford and Kays (1975). The Prt distri-
bution is for.air; it is 1.72 at the wall and drops to 0.86 in the outer
region. ' S ' o

Boundary.-conditions for the 'two-dimensional" flow equations are

U(x,0) = 0 - . - (4.12a)
V(x,0) = 0 (4.12b)
Lim U(x,y) = U_ (constant) (4.12¢)
y—)m
and
* % .
I (x,0) = I0 (constant) “(4.124d)
* *
Lim I (x,y) = TI_ (constant) (4.12e)

y—)&

4.3.1 Injection Model

In constructing a model for the film-cooling injection pro-

cess, consideration was made of the physical process occurring when the
jets enter the boundary layer. For lowv M the jets do not penetrate;
they are immediately "knocked over' by drag forces on the emerging jets
(pfiﬁa:ilytpressQfe forces from the retarded boundary layer flow upstream
of'the jets)._For higher M the jets emerge from the surface and are
turﬁed iﬁto the downstream direction by pressure and shear forces which
ovércomé.the jets} resistance to direction change. As each emerging jet
mobes'thtough the'Boundary'layer, the shear layer at the injectant-

boundary layer interface promotes entrainment df‘boundary layer fluid
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into the jet, This spreads the jet and slows it; eventually the'inject—
‘ant becomes diffused into the existing boundary layer fluid. '

. The injection process and the entrainment- d1ffusion process are
hodeled together. As a jet passes through the stream tubes that comprise
the boundary layer, drag forces arlsing due to the Jet/cross—stream inter-
actlon ‘are presumedlto tear off" some of the 1nJectant. The injectant
‘that” is shed’ 1nto a glven stream ‘tube is then accelerated by the drag
forces. This process is deplcted below. Shedding contlnues into suc-
ce551ve stream tubes until the amount shed equals the mass flow of the
inJectant. The dlstance where sheddlng is complete is called the pene-

tratlon dlstance.

Equatlons that describe the model are obtained from one-dimensional

mass, ‘momentum, and thermal energy balances on the element of injectant

bounded between two streag surfaces. For flow between these surfaces,

sl e B = d o+ G (4.13)

where m is the flow rate upstream and &m 1s the injectant that is

old )
shed (on a rate basis). From a momentum balance consideration,
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5(ﬁ01d'+ dm)uné&..- old 1d + 6mU2cosa o | (q.iﬁy

where T ld '1s the mass—averaged velocity of the upstream fluid and U2

is the velocity of the 1n3ectant. The U2 velocity is assumed not to .

vary with y :z This is the simplest way to preserve overall momentum -
w1th1n the boundary layer (i €.y ZGmU j et 2 s where U Mpmpmlpz )

. The drag forces that "tear-of £ the injectant are assumed to accel-

erate O&m from its inltlal velocity up to the new stresm—tube velocity.’

g.F = 5ﬁ(ﬁ;ew,' U,cosa) N (4.15)

The drag forces can be defined in terms of a drag coefficient for con-
venience, i o
1, = 2 |
ch = CD Eij(Uold sina) (4.16)

where Aj is the cross—sectional, area of the jet, (D - Gy)]sina for a
stream tube that is 6y in width (proportional to- -S¥). - .- - . .. -

By introducing the definition m g™ old(sy P), where P is
the distance between adjacent jets, and combining with the above equations.
the ratio of the mass shed from the coolant jet to the existing mass be-

tween the stream tubes (on a rate basis) can be written as

- Sm 1
= (4.17)
. - U,cosd .- o
Mg S2EMf, 2 )y
- . C,.. sinca T e
old

A mass-averaged velocity ratio can be formed by rearranging equation
(4.14): |

U . U, cost _ o
,;new _ _ 1 1+ (édm ) ;F_ . C4.18)
Uold- (1 + 5 Sm ) ) old UOld . . :
m
old

From energy balance considerations,

87



T* L]
new(mold

B *
B 1a%01a ¥ S0Tjer (4.19)

+ Om)
. | _ .
where Iold is the mass-averaged stagnation enthalpy of the upstream
*
fluid and Ijet is that of the injectant (assumed not to vary with vy
to satisfy overall energy conservation). A mass—averaged enthalpy ratio

can be formed by rearranging equation (4.19):

*
. I

l+(.5m) ;et

ew ®o1d old

™

n
hev u (4.20)
To1d L+z

° old

In the prediction program, the injection model, based on the analysis
given above, is contained in a subroutine, and it is invoked when a row of
holes is encountered. The empirical input is the mass shed ratio, defined

as
Sm
[

Bo1d

DELMR (4.21)

The DELMR expression is used in lieu of equation (4.17) for simplicity.
With this input "constant'", the routine processes each flow tube from
the wall outward. The velocities are adjusted according to equation
(4.18) to conserve momentum. The stagnation enthalpies are adjusted ac-

cording to equation (4.20). The injection process is terminated when

2
. = D _ E .
mjet = p2U2 4p2 - DELMR Gwi (4.22)

Note the introduction of P to put the flow rate on a per-unit depth
basis (consistent with the dimensions of y ). The y location where
flow distribution is completed is PD , the penetration distance. This
calculated distance is a significant variable in the augmented turbulent

mixing model, for it is at this point that the increased mixing has its

maximum.
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4.3.2 Turbulence-Augmentation Model

The eddy diffusivity for momentum is modeled by the Prandtl
mixing-length., To account for the jet/cross-stream interaction the mix-

ing-length is augmented, using a variation of a model first described by

Choe et al. (1976).
AN 4 (y;)
2y = [ + (= (4.23)
(3 - @), 6,

where the "2-d" subscript refers to the two~dimensional mixing-length,
and the "a" subscript denotes a departure due to discrete-hole injection.
The functional form for the (&/8) expression was determined from the
computed mixing-length distribution given in Section 3.4 . The functional
form is depicted below.

.25

1 L 1 |
APD/§
.20 ¥ —~
I
t
A5} : _
{
j/s : (-2 /B)MUX,O
|
.'0 P ' e
e
4 N
/
.05 |- //: .
/ : (£/8)24
_ L1 1 1 ]
0. 2 4 .6 .8 1.0
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L The curve represents a departure from the two-dimensional mixing-
length value, with a maximum departure,. (2/6) ‘located:at- "PD ,
the penetration distance from the wall, as determlned by:the injection.

model._ _ :
: The two-dimensional mixing-length is

) : _ ‘KyD | _ .Ky.< Ad L _ _
SR ° = _ » - o (4.28)
A8 Ky > A6

where D is the Van Driest damping function,
D = 1- exp(-y /ah) (4.25)

. _ . y
“In the predictions Kk = 0.41 , A = 0.085 , and A = 22 in the blowing

region for P/D = 5 (to account for surface roughness) and . At - 25 in
i ‘the smooth, flat-plate recovery region.

The augmented mixing-length is given by

2 /8
2, = k8 (-:SL) exp] - (PD/G) D _ ' (4.2.6)
¢ where |

o 2.71822 .<2/§)max a (4.27)

' (PD/8)" ' ~

In the above equations, Pb. is the penetration distance of the injectant,
determined from the injection model. The boundary layer thickness (actu-
ally the ninty-nine percent point) is &§ . The maximum mixing-length
augmentation, occurring at y = PD , is (Q/G)max’a . This is the second
input "constant" for the prediction scheme. Note that equation (4.26)
contains the Van Driest damping function merely for programming conven-
iencg; the damping function approaches unity well before there is an ap-
préciﬁble contributiqn from the other terms in equation (4.26).
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One of the most perplexing problems associated.with.the prediction
scheme wﬁs in the initial blowing region.and initial: recovery:region.: :
In the initial blowing region A+ changes from a smooth plate valie: . to
A+ for the rough, discrete-hole plate, and.-K0 -goes from zero to its
maximum value, proportional to (R/G)max,a . The reverse transition oc-
curs in the initial recovery region.

The .A+ transition was handled by invoking aifirst order lag equa-

tion similar to that described by Crawford and Kays (1975),

+ + + . . .
dA e A o= A D s
eff eff
= - (4.28)
+ C
dx
+ ) : : i toy
where Aeff is the effective Van Driest damping constant, A is the

asymptotic value (22 for the rough, P/D = 5. surface; 25 ‘for the.smooth
recovery'region), and C = 6000 . Thus A+ starts out at 25, ‘drops-
toward 22 when the first row of holes is encountered, and then.returns :to
25 in the downstream recovery region. With this lag equation, the StO
data were adequately predicted with no initial region problems.

The Ko transi;ion was also haﬁdléd by solving an equation like
(4.28) for (Q/é)max,a,eff

tote of the equation is (2/6)max Q and in the initial recovery region,
’ L Ty

. TFor the initial blowing region, the asymp-

the asymptote is zero. To simulate the beginning of the transition, the

initial (Q/S)maX , vas given a step change. This method is described
. . :

by Choe et al. (1976) for abrupt changes in transpiration, and it is

_depicted as shown below.

(l/s)mox,o - ' —= - ‘I R ;

. . 4 ~ . . R T
CL2*(2/8)max,a .

cu{-(.e{s)'mx,o . | _\._\ —-
BLOWING REGION . RECOVERY REGION _
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The step-change constants CL1 and CL2 were 0.3 for prédiﬁtidﬁs of
low M data. The -CL1 value was changed to 1.0 in attempts to model -
the high M. data. Based upon the predictions, it can be concluded ‘that"
the initial region modeling was, at best, marginal. Fortunétely,'though,
values for the step-change constants do not affect the Stanton number

predictions in the region far downstream of the step location.

4.4 Numerical Prediction of the Data

Predictions of most of the P/D = 5 data have been made to assess
the model outlined in the previous section. The constants DEILMR and
(2/6)max,a that successfully predicted the data are shown in Figure 4.4,
plotted versus the blowing ratio. 1In the figure, DEILMR decreases as M
increases, resulting in increased penetration distance, and (E/G)max’a
is seen to increase as M increases, indicating more intense turbulent
mixing. The most interesting data point for these "computer-experiment"
constants is at M = 0.4 . Recall there were five data runs at this
blowing ratio (summarized in Figure 4.4). Four of the five runs were
satisfactorily predicted with the same constants. The fifth run, with a
very thin initial boundary layer, required a slightly higher value of
(z/d)max,a » indicating a slightly higher turbulence level for this
initial condition.

The first data set to be predicted is that discussed in Section 3.3.1
(thick initial boundary layer with heated starting length). Figure 4.5
shows Stanton number predictions for M =0 and 6 =0, 1 at M= 0.4 .
The O = 0 prediction spikes upward when mainstream - temperature fluid
is injected into the boundary layer. Similarly, the predietion spikes
downward when wall-temperature fluid is injected. Predicted velocity-and
temperature profiles are shown in Figures 4.6 through 4.8. They are -
compared to the spanwise-average profiles discussed in Section 3.4 .

To test the film-cooling model, the predictions described in the
preceding paragraph were carried out for 24 rows of holes. Shown in
Figure 4.9 are the finite-difference data points for prediction of 12 and
24 rows of holes. Past the first 12 rows only the average Stanton numbers
per row are plotted. For © = 0 , the predictions continue to exhibit
an asymptotic behavior; for © = 1 the predictions continue to decrease,

but at a slower rate, as if it were also approaching an asymptote.
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The second data set to be predicted is the P/D = 5 data discussed
1n Section 3.3.2 (thick initial boundary layer with unheated starting
" Fiourag 4_.10 thr ugh 4.13 shows th

& = ——- - g - aaas " S e~ —alS Y

=
('D
"3
[n]
1
[N
[
0O
(a4
| el
Q
3
n

features of the predictions are the initial blowing region for 6 = 0
and the récovéry region for 6 =1, '

The third data set to be predicted is the data discussed in Section
3.3.3 (thick initial. boundary layer with change in mainstream velocity).

Figures 4.14 and 4. 15 show ‘the predictions.. The last data to be predicted

is the M.=.0.4 blowing ratio data at P/D=5, discussed in Section .
' 3.3.4 (thin ini;ial boundary layer with heated starting length). Figure
4.16 shows the prediction. '
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_ Figure 4.1 Prediction of St for 6 = 1.3 by applying superposition

to fundamental data sets, Figures 3.6 (plate 11)
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Figure 4.2 Stanton number ratios for all M = 0.4 data and P'/-Df- 5
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‘Figure 4.4 Two constants used in prediction
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Res,. = 1800 .
2 W 100374 0.38 |
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Figure 4.5 Prediction of the M =10 and M = 0.4 data from Figure 3.3
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Figure 4.6 Prediction of the spanwise-averaged velocity profile from
Figure 3.24 . '
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‘Figure 4:7 Prediction of the spanwise-averaged temperature profile
(6 =.1.00) from Figure 3.29
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Figure 4.8 Prediction of the Spanwise-averagéed temperature profile
(6 = 0.16) from Figure 3.30
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- ‘Figure 4.9 Extension of the M = 0.4 prediction (Figure 4.5) to 24 rows of. holu to

show stable behavior of injection model
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Figure 4.10 Prediction of the M = 0.2 data from Figure 3.6
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. Figure 4.11 Prediction of the M= 0.4 data frﬁm Figure 3.6
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Figure 4.12 Prediction of the M = 0.6 data from Figure 3.6
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Figure 4.13 Prediction of the M = 0.75 data from Figure 3.6
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: Figure 4.14 Prediction of the M =0 and M =~ 0.4 data from
. Figure 3.12
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Figure 4,15 Prediction of the M =0 and M = 0.4 data from
Figure 3.15
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Figure 4.16 Prediction of the M =0 and M= 0.4 data from

Figure 3.19
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Chapter 5

SUMMARY AND REbOMMENDATIONS

An experimental and analytical investigation of heat transfer to

the boundary layer over a full-coverage, film-cooled surface has been:

carried out. - Injection was from an array of staggered holes with hole

spacing-to-hole’ diameter ratios of 5 and 10. The holes were angled 30

degrees to the surface in the downstream direction. In summary,

1.

3.

4.

S.

Eiperimental Stanton number data have been acquired, using two
temperatures at each blowing ratio to build two fundamental'data
sets. The data'are'defined'using a wall temperature-to-main-
stream temperature driving potential to permit direct comparison
of wall heat fluxes, with and without £11m cooling, to describe
film-cooling performance. Superposition can be applied to the
two fundamental data"sets to obtain Stanton number as a contin-

uous function of injectant temperature;

When the injectant. temperature equals plate temperature, the
lowest Stanton number is produced for a blowing ratio (injectant
velocity—to-mainstream velocity) of about 0.4 . Higher ratios
resulted in higher Stanton numbers. The data trend indicated
that for ratios above 1.5 the Stanton number could be'larger

than that without film cooling.

The major effects on Stanton number of changing either ‘the up-
stream momentum thickness or the ratio of thermal—to—momentum
thickness are confined to the initial blowing TOows. The data

showed a slight dependence upon changes in mainstream velocity.

Comparison of the data for the two hole spacings indicates that
a wider hole spacing (10 hole diameters) produces: less .effect on

Stanton number, for the same value of blowing ratio.

The data for injectant temperature equal to plate temperature
were successfully correlated using the same Couette flow varia-

bles used to correlate transpiration cooling data.
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The recovery region, 60'hble'diameters”downstréam of the last
blowing row, had two distinct data trends for the case of in-
jectant temperature edual to plate temperature.:_For low veloc-
ity ratios the Stanton number immediately began to recover to-
ward the corresponding unblown value, while for high velocity
ratios the Stanton number either remained constant or dropped
throughout the recovery region. This latter behavior suggests
investigating an interrupted hole pattern with, say, five to ten
rows of holes followed by a recovery region, before the next ar-

ray beéins.

A differential prediction model was developed to predict the
experimental data. The method utilizes a two-dimensional bound-
ary layer program with routines to model the injection process
and turbulence augmentation. The program marches in the stream-
wise direction and, when a row of holes is encountered, stops
and injects fluid into the boundary layer. The turbulence level
is modeled by algebraically augmenting the mixing-length, with
the augmentation keyed to a penetration distance for the inject-

ant.

The work described in this report represents the second of three

phases of experimental heat transfer investigations into full-coverage,

film-cooled boundary layers at Stanford: first was normal-hole injec-

tion; the second was the slant-hole injection, and the third will be

with compound-angled hole injection. Presently an experimental

investigation of the slant-hole flow field is being carried out, and

the compound-angled hole test section is being conmstructed. It is

recommended that:

1,

A higher-level turbulence closure model should be investigated
for use in the turbulence augmentation model of the prediction
program described herein. The logical choice would be a turbu-

lence kinetic energy model. This is being pursued.

The effects of high mainstream turbulence level on heat transfer

should be investigated. The importance of this effect may be
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- confined to the recovery region, and to the results described

in point 6 -of the summary above. The high turbulence level may
promote a much faster recovery to unblown Stanton:-number condi-

dood
LLUIID .

“A preliminary investigation should be carried out regarding
- -dvailability of three-dimensional boundary layer programs for
modification to predict the full-coverage data. This recom-

mendation is made in light of the ﬁﬁch—imprdved'démpﬁﬁéf exe—

cution time and core availability of the new generation of com-

. puters at Stanford. Such machines will be.available to industry

in the coming decade; thus it seems 'a justifiable course to

pursue.
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Appendix I

STANTON NUMBER DATA

Contained in this appendix is a numerical tabulation of the Stanton

number data.

Initial velocity and temperature profiles precede the data,

and the sequence of data follows the discussions in Sections 3.3.1

through 3.3.4. For the Stanton number data at each blowing ratio the
experimental data at 6 1 and 6 = 0 are given first, followed by a

sheet with the superposition-adjusted data to values at 6 = 0, 1.

Nomenclature

CF/2
CP

DEL

DEL1
DEL2
DEL99
DELT99
DREEN
DST
DTM

ETA

F-COL

F-HOT

LOGB

cf/2 » friction coefficient

c , specific heat

velocity or thermal boundary layer thickness (see DEL99 or
DELT99)

61 » displacement thickness

62 , momentum thickness
velocity boundary layer thickness
thermal boundary layer thickness
uncertainty in ReA2
uncertainty in St

uncertainty in 6

{1 - st(e = 1)}/st(8 = 0)
blowing fraction

F at 6 =0

F at 6 =1

velocity shape factor

¢ function in 6 = 1 data éorrelation
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M blowing parameter

PORT topwall location where profile is obtained
PR Pr , Prandtl number

RE DEL2

REENTH ReA2 , enthalpy thickness Reynolds number
REH

REM Re52 , momentum thickness Reynolds number
REX Rex s X—Reynolds number

RHO density

ST Stanton number

STCR St(® = 0)/Sto . Note, St is defined at bottom of each

summary data sheet.

STHR St(8 = 1)/s::0

T recovery temperature of temperature probe

T2 T2 s secondary air temperature

TADB T , r , temperature to define Stanton number

0

TBAR (TO—T)/(TO—Tm) (or one minus that quantity in the second tab-

ulated data column)

THETA 6 , temperature parameter

TINF mainstream static temperature

ggLATE T° s Plate temperature

U velocity

U+ vt » non—-dimensional velocity

UINF U, , mainstream velocity

VIisC v , kinematic viscosity

X1L.0C X , distance from nozzle exit to probe tip

113



XvVo X0 distance from nozzle exit to virtual origin, turbulent

boundary layer
Y y , distance normal to surface

_Y+, y+ » non~dimensional y distance

_Npte:- Some of the entries in the Stanton number data summary sheets are
boxed in. These data points devliate substantially from the data
trend of thelr surrounding points. Therefore, they were not plot-

ted as tabulated, but adjusted and then plotted.
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SIT

RUN 092874 VELOCITY ANC TEMPERATURE PRUFILES

REX

xvo

UINF
visc
PORT
XLQC

Y(CM.)

0.025
0.028
0.030
0.036
0.043

0.053
0.066
0. 081
0.099
0.119

0.142
0.168
0.158
0.234
0.274

0.320
0.371
0.432
0.503
0.592

04693
0.818
0.970
l.123
1.275

Let27
L.580
l.732
1.e85
2.037

2.189
2+ 342

0.11787¢ 07 REM =

20.98 (M, DELZ =

16.83 M/S DEL99=

0.15247€-04 M2/S DELL =

19 H =

127.76 CM, CF/2 =

Y/DFL UIM/S) U/UINF Y+

0.012 7.31 C.434 1.5
0.01% 7.56 0.449 12.6
0.015 T.79 0.463 13.8
0.017 8.21 C.488 1.l
0,021 8.62 C.512 19.5
0.026 9.15 C.544 2441
0.032 9.51 0.565 2949
0.040 9.75 0.579 36.8
0.048 10.0¢ C.598 44.8
0.053 10.31 0.612 4.0
C.070 10.58 C.629 64.3
0.082 10.73 Ce637 715.8
0.097 11.02 C. 656 89.6
Celle 11.27 C.670 105.7¢
0,134 1l.5¢ Ce687 124.1
0.156 11.87 C.705 144.38
0.181 12.07 0.717 l67.7
0.211 12.38 Ce735 195.3
0.246 12,73 Ce?56 Zcl.5
0.289 13.08 Coe777 267.7
0.339 13,41 C.800 31:.7
0.400 13.8¢ C.823 370.0
0.474 14.39 Ce855 430.v
0.549 14,84 C.882 507.9
0.623 15,232 €505 57b.3
0.698 15,68 Ca932 640,17
0.772 15.96 CeS50 Tl4.7
0.847 16.30 Ce969 7d3.0
0.921 16453 C.982 w©52.5
0,996 16.68 Ce991 92145
1.070 16,81 Ce9G9 G9J.4
1.145% 16.82 1.0C0 105%.3

20063,

0e241
24049
04350
leabu

0.16794E-0c

U+

10.00
10,96
11.29
11.91
12.50

l3.c0
13.79
l14.14
L4459
la.94

15.35
1555
16.00
l6.34
loafo

17.21
7.1
LTe94
lB8.46
Lda97

19.53
20,09
20.07
2le5¢
22.08

22613
23417
23.64
23.917
Z4.l0

24.37
24 .40

REH = 1844,
CM. DEM2 = 0.167 CM,
CMe DELT99 = 1.894 CM.
CMe UINF = © l6.84 M/S
VISC 7 = 0.,15263E-04 M2/S
TINF =~ 21.96 DEG C
TPLATE = 36,46 DEG C
Y{CM.) TI(DEG C) .TBAR TBAR
D.0lod 33,33 0.218 0.782
0.019) 32.24 0.293 0.707
0.0216 31.51 0.34%4 0.656
0.0241 31.09 0.373 0.627
U.0292 30.21 0.434 0.566
0.0368 29.45 0.487 0.513
0.0470 28.63 0,544 0.456
V. 0597 28.02 0.587 0.413
U. 0775 27.45 04627 0.373
0.0378 27.08 0.653 0.347
Us.1232 26.73 0.677 0.323
Oelds7 26.41 0.699 0.301
V. l892 26.07 0.722. 0.278
0,229y 25.82 0.740 0.260
0el750 25.51 0.762 0.238
0.3264% 25.27 0.778 0.222
Ve 3899 24.97 0.799 0.201
Oeu661 24,71 0Q.817 0.183
U.5001 24.40 0.839 0.161
0.5871 24.02 0.865 0.135
D.ul4l 23.68 0.888 0.112
0.9411 23.41 0.908 0.092
1.0b8i 23.17 0.924 0.076
L.lvbl 22.96 0.939. 0.061
1.3221 22.78 0.952 0,048
ledayl 22.60 0.964 0.036
1.5761 22.47 0.973 0.027
l.7u31l 22+34 0.%82 0.018
l.5301 22.27 0.987 0.013
L9/l 22.20 0.992 0.008
220541 22,14 (.99 0,004
ceclll 22,11 0.998 0.002
2.336. 224,09 . 1.000. 0,000
2.%65 22.08 1,000 0,000



9Tt

RUN

TADB= 21.87

PEQ=
cP=

koK

PLATE

OO~ O Uty

052874

DEG C

1.187 KG/M3

1013. J/KGK
2700HSLFP P/D=

X RE X
127.8 0.11776E
132.8 0.12337E
137.9 0.12887€
143.0 J.13457E
148.1 0.14027F
153.2 0.14578E
158.2 0.15138E
16343 0.15698E
168.4 0.16258E
173.5 0.16819E
178.6 0.17379E
183.6 0.17S39E
187.5 D.18365E
190.1 0.18653E
192.7 0.18942E
195.4 0.19232E
163.0 0.19522E
200.6 0.19810E
203.2 (.20099€E
205.8 0.20387E
208.5 (C.20675E
211.1 D-20964E
2137 0.21253F
21643 JD.21E42E
218.9 (Q.21833F
221.6 0.22121E
224.2 0.22410F
é26.E 0.22698E
229.4 0.22981E
232.0 0.232715E
234.0 D.23564E
237.3 0.23854%E
239.9 0.24144F
242.5 U.24432F
245.1  0.24721F
247.8 0.2500¢E

#mk DISCRETE HOLE RIE **% NAS-3-14336

UINF=

VIs(=

PR=

5

16.81 M/S
0.15243E-04 M2/8
D.716
had
T0 REENTH
36.27 0418684E
26027 0419S850E
36.21 0121229E
26.27 C+22495t
36.27 0i23750E
26.27 0424998E
36.25 0426237E
2€. 25 Ce27462E
36.27 0428666E
36.27 0429854E
6. 25 Cid3iQ29et
36.25 0332195E
26,23 0433L5TE
36 .29 0433617E
36.¢3 0434172E
36.€65 Ca34722E
26..€7 0s35267E
364 €3 Ga35812E
36.57 0436354E
36.171 0436891E
36.61 £437428E
36, €5 0s37666E
36.61 0i38497E
36.171 0439025E
36.56 0¢39552E
264 4€ Ca40079E
35.18 Ci40605¢€
36.4E C«41130E
26440 0141 €54E
26.86 044218B0E
Z6. E6 Ci427CTE
36.74 0.443228E
36.¢9 Ji43749E
26.40 Cett4270F
I6.63 0.44788E
3627 0445306F

STANTCN NUMBER DATA

TINF= 2z1.75 DEG C

X\v0= 21.0 CM

STANTON NO DST
0622298E-02 0.516E-04
0.228S7E-02 0.519E-04
0.22765E-02 0.517E-04
0.22419E-02 0.517E-04
0.22392E-02 0.517E-04
0.22167E-02 0.515E-04
0.220€7E-02 Q.515E-04
0.21636E-02 (.513E-04
0.2134%E-02 0.511E-04
0.21079E-02 0.510E-04
0.2C855E-02 O0.509E-04
0.2C774E~02 0.509E-04
0.15428E-02 0.682E-04
0.19322E-02 0.678E-04
0.16113€-02 0.6B81F-04
0.18930E-02 0.666E-04
0.18864E-02 0.6656E-04
0.1E845E-02 0.665E-04
0.18561E-02 0.650E-04
0.18546E-02 0.656E-04
0.18605E-02 0.651E-04
0.18636€E~02 0.661E-04
0.18176E-02 0.641€E-04
0.18344E-02 0.657€E-04
0.1816€E-02 0.645E-04
N.18293E-02 0.685E-04
0.1€154E-02 0.591E-04
0.18195E~-02 0.588E-04
0.18063E-02 0.626E-04
0.1E364E-02 0.665E~04
0«18111E-02 0.645E-04
0.17956E~-02 0.638E~-04
J.18129€-02 0.648E-04
0.17910E-02 0.621E-04
0.17961E-02 0.661E-04
0.17866E-02 0.T14E-04

DREFN
28.
28.
28.
28 .
28.
28'
28.
29.
29%.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
29.
2%9.
29.
29.
29.
29.
29.
29.
29.
30.
30.
30.
30.
30.
30.

ST(THED)
0.20585E-02
0.20395E~-02
0.20214E-02
0.20043E-02
0.19880E-02
0.19725€E-02
0.19577E~02
0.19435€E-02
0.19299E-02
De 19169E~02
0.19044E=02
0.18923E-02
0.18835E-02
0.18776E-02
0.18718E-02
0.18662E-02
0.18606E-02
0.18551€-02
0.18498E-02
0.18445E-02
0.18393E-02
0.18342E-02
0.18292E-02
0.18243E-02
0.18194E-02
0.18146E-02
0.18100E-02
0. 18053E-02
0.18008E-02
0.17963E-02
0.17919E-02
0.17875E-02
0.17832E-02
0.17789E-02
0.17748E-02
0.17707TE-02

RATIO
1. 083
1.123
l.126
1.119
1le126
1.124
1.127
1.113
1.106
1.100
1.095
1.098
1.032
1.029
1.021
1.014
1.014
1.016
1.009
1.005
1.012
1.016
0.994
1.006
0.998
1.008
1.003
1l.008
1.003
1.022
1.011
1.005
1.017
1.007
1.012
1.011
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FUN 100174-1 *%x DISCRETE
TACB= 21.51 DEG C ul
FHO= 1.188 KG/M3 vi
cp= 1212. J/7KGK PR
Hk 27COHSL4C M=0.4
FLATE X REX
1 127.8 0.11738E 07
2 132.8 0.12297E 07
2 137.9 9.12855k 07
4 143.0 0.13414% 07
€ 14841 0.13G72E 07
&€ 153.2 0.14531iE 07
7 158.2 0.15C8Sc 07
8 163.3 0J.15648E 07
9 168.4 0.16206E 07
10 173.5 0.167&4E 07
11 178.6 0-17323E 07
12 183.6 0.17881lE 27
13 187.5 0.18306E 07
14 150.1 0.18593E 07
15 192.7 0.18B881lE 07
1¢ 1%5.4 0.19170E 07
17 198.0 0.15459E 07
1€ 200.6 0.19747E 07
19 203.2 0.20034E 07
20 205.8 0.20322E 07
21 208.5 0.20609E 07
22 211.1 0.20887E 07
23 213.7 D.:118EZE 07
24 216.3 0.214T74E 01
25 218.9 0.21763E 07
26 221.6 0.22050t 07
27 22%.2 0.22338c 07
28 226.8 0.22625% 07
29 229.4 (0,22513E Q7
30 232.0 0.23201E 07
31 234.6 0.23483£ 07
32 237.3 0.23777E 07
33 23%.9 0.26066E 01
34 242.5 Q.24354E Q7
35 245.1 0.24641E Q7
3¢ 247.8 0024929t 07

UNCERTAINTY

"nunZ

fF= 1€.74 M/S
C=z 0.,15229F~04 M2/S
0a71&

Tr=0 P/C=E ki
TO FEENTH
3642 0.18177E
26.36 0.1 5485F
€. 34 C21760E !
36434 0.24163¢
25. 3¢ 0:25528E
26,40 Ci2882¢EE
26,26 0.31128E
16023 C:33537%E
26,36 G:i35856E
I6.24 0438193E
36.34 C.40522E
264 36 0i42E4TE
35.79 0444818t
i5.179 04i45388BE
26,15 0445937E
2€.21 0:146475E
36.27 0¢47803E
26.27 0347521E
36.27 Cs48CCSE
34.68 0448563
264 24 0i49119¢
36044 £349584¢
35.40 0450062E
36.55 €i50535€
16,44 ¢251009C
36,323 0:51480€E
35.14 0.51947F
25,21 Ce52415€
36,31 ga5288Llt
I6.174 Ca5334¢E
36,69 0.52815%
26,55 56283
36.53 Ci54750¢t
CI-Prst Ca55216¢E
260 44 G.5568¢E
26,06 0:456150%

I REX=27922,

UNCERTAINTY

HULE RIG #*%% NAS=-3-1433¢

TINF= 21.38
XvQ= 21 .0
STANFON NG

0.23449E~02
0.2238€8£-02
0.233201E-02
0.22865£~C2
0.22665E-02
0.221€3€E-02
0.22572E-02
0.22183E-C2
0.,217676-02
0.21951E-C2
0.21703E-02
0.20850£-02
0.2C03€2E-02
0.15243E-02
0.1E876E-02
0.18493E-02
0.1E1 76E-02
0.17824E-02
0.1576GE-02
0.22006E-02
0.15608E~C2
0.16724E-02
0.16460E-02
0.1€386E-02
3.1€558E-02
0.1€179€E-02
D.1€207E-02
0-1€311E-02
G.1604C0E-02
0.1€302E-02
0.1€231E-02
Jal6l668-02
0.,1€280E-02
J.16293E-02
0u1¢l141E-02
0.1€124E-02

STANTON NWBER

DEG C
CHM

DST
0.511E-04
0.509E-04
N.5)9E-04
0.507E-04%
3.505E-04
0.501€E-04
0.505E-04
0,504E-04
0.500E~04
0.502E-04
C.500E~-04
0.495E-04
0.688E-04
0.67TE~04
0.673E~04
0.653E-04
0.644E-04
0.633E-04
0.609E-04
0.723E-04
0.601E-04
0.603E-04
0.586E-04
Q.599E-04
0.592E-04
0.616E-04
0.537E-D4
0.622E-C4
0.565E=04
0.601E-04
G.587€-04
3.581E-04
0.5G2E-04
J.57DE-04
0.604E-04
J.658E-04

IN F=0.05035 IN RATID

DATA

M

0.39
.39
0.39
0s 39
0.38
0.39
0.39
Q.39
0.38
0.39
J.39

F

0.0126
0.0128
0.0127
J.0126
0.0123
0.0126
0.0125
0.0126
0.0124
0.0126
0.0125

T2

23645
23472
23.68
23162
23469
23,86
23472
23475
23,79
23.79
23473

TRETA

0.138
0.156
0.154
C.149
0.153
0.165
0.156
0.158
0.161
0.161
0.157

or4

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
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RUN

100374

xkkx DISCRETE HOLE RIE *%% NAS-3-14336

TACB= 20481 DEG C UINF= 1&.70 M/S
FHC=  1.194 KG/M3 VISC= 0.15125E-04 M2/S
cP= 1012, J/KGK PR= 04716
¥k 2700HSL40 M=0.4 T¢=1 P/D=E k%
PLATE X RE X T0 REENTH
1 127.8 0.11790E 07 26433 Q0i18258E
132.8 0.12351E 07 326,136 0419478E
3 137.9 0.12912E 07 26.38 0:26887E
4 143,00 0.13473E 27 26.24 03434518E
5 14841 0.14034E 07 36.31 0442343F
& 153.2 0.14595E 07 26.23 0449864E
7 158.2 0.15156E 07 36.23 0457716E
€ 163.3 0.15717E 07 26.33 0465 2T4E
S 168.4 0.16278E 07 Z6.24 Ci72128E
10 173.5 0.16839f 07 36.31 GaB0028E
11 178.6 0.17400E 07 Z6.34 04873368k
12 183.6 0.17960E 07 Z6.36 03194 645E
13 187.5 0.18387E 07 36.23 0410136E
14 190.1 0.1867¢E 07 36.13 0il0lesE
15 152.7 0.18964F 07 Z26.36 0410200t
16 195.4 0.19255E 07 36436 0410232E
17 198.0 0.19545€ 07 26.26 0410264E
18 200.6 0.19834E 07 28.:3 04102¢7E
16 203.2 0.20123E 07 36.29 0i110329E
20 205.8 0.20412E 07 Z6a.36 0i10361E
21 208.5 0.20701E 07 26.33 0110392
22 Z2ll.1l 0.20S86% 07 36.34 0310424E
23 213.7 0.21278E 07 36.23 0110456E
24 216.3 0.2156SE 07 Z6.44 041 0487E
25 218.9 0.21859F 07 36.131 0«10519E
26 221.6 0.22148E 07 326.17 0410551E
27 22442 0.22437E 07 :5.:9 0410582E
28 22€.8 0.22725E 07 326.23 Q410613E
25 229.4 0.23014E 07 26.16 04i10€46E
30 232.0 0.23303E 07 26.44 0:10678E
31 224.5 0.23592F 07 26.44 Q0e10711E
32 237.3 0.23882E 07 26.27 0ll0744E
33 239.9 0.:41732E 07 26.23 Cil10778E
34 242.5 0.24461E 07 26.02 Gil0811E
35 245.1° 0.24750E 07 36,13 0410 844E
36 247.8 0.2503%9E 07 35.63 0il0878E

UNCERTAINTY IN REX=28046.

STANTON NUMBER DATA

TINF= 20.69 DEG C

XV0= 21.0 CM

STANTCN NO 0ST
0.23403E-02 0.488E-04
0.20106E-02 O0.470E~-04
0.1¢5556-02 0.453E-04
0.13919E-02 0.444E-04
0.121626-02 0.443E-04
0.12416E-02 0.440E-04
0.121916-02 0.439E-04
0.11969E-02 3.438E-04
0.114186-02 0.436E-04
0.11287E=-02 0.437E-04
0.1C889E-02 0.434E-04
0.10709E-02 0.433E-04
0.1C7718E~02 0.406E-04
0.110536-02 Q.427€E-04
0.11136E-02 0.431E-04
0.111045-02 0.424E-04
0.11164E=-02 0.427E-04
0.11219E-02 0.429E-04
0.10931E~-02 0.412F-04
0.11041E-02 0.419E-04
0.10947E-02 0.415F=~04
0.1(978E-02 0.424E-04
0.1G804%-02 0.415E-04
0.10914E-02 0.430E-04
0.11007€-02 0.425E-04
0.11104E-02 0.446E-04
0.1(5956-02 0.38BE-04
0.11131E~02 0.452E-06
0.11054E~C2 0.41l7E-04
D.11589E-02 0.450E-04
0.11346FE-02 0.438E~04
0.115223E=02 0.440E~04
0.11711E~02 0.448E-04
0.11055E-02 O0.416E-04
0.11699E-02 0.463E-04
0.,11610E-02 0.500E-04%

UNCERTAINTY IN F=0.05036 IN RATIO

DREEN
28'
33.
42,
49.
56.
62.
68.
73.
77,
82.
86'
85.
91.
9l.
91.
91.
91.
9l.
Sl.
91.
9‘,-
91.
91.
91.
91.
91.
Sl.
Gl
91.
91‘
Sl.
91.
91.
9l.
91.
Sl.

M

0.37
0.37
0.38
0. 37
V.39
0.38
0.36
0.37
0.38
0.39
0. 37

0.0120
0.0120
0.0122
0.0120
0.0127
0.0124
0.0118
0.0120
0.0123
0.0125
0.0120

T2 THETA

3545% 0.951
36447 1.006
36487 1.034
36453 1.014
36435 1.002
36.21 0.992
36476 1.028
36424 0.993
35.81 0.968
35156 0.952
35.31 0.933

OTH

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
9.020
0.020
0.020
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FUN 1001T4-1 *#% DISCRETE HCLE RIG ##% NAS-3-1433¢ STANTON NUMBER DATA
##%  2700HSLAO M=C.4 TH=O P/D=5  #us

RUN 100374 *#* DISCRETE HCLE RIG ##% NAS-3-14336 STANTON NUMBER DATA

#2%  2700HSLAO M=0.6 TH=l P/D=5  kuk

LINEAR SUPERPCSITICN IS APPLIEL TO STANTON NUMBER DATA FROM
RUN NUMBERS 100174~1 AND 100374 TO OBTAIN STANTCN NUMBER DATA AT TH=0 AND TH=l

PLATE RE XCOL RE DEL2 ST(TH=0) REXHOT RE CEL2 ST{TH=1) ETA STCR

1 1173846.0 1817.7 . 0.002345 1175040.0 1825.8 0.002340 UUWUU 1.040
2 1229690.0 1950.1 0.002395 1235131.0 1947.2 0.001991 0.169 1.057
3 1285534.0 2085.3 0.002450 1291222.0 2720.1 0.001638 01331 1.077
4 1341375.0 2222.1 0.002450 1347314.0 3479.4 0.001412 04424 1.088
5 1297223.0 2358.4 0.002431 1403405.0 4240.2 0.001342 01448 1.086
6 1453067.0 2493.0 1459496.0 4983.7 0.001251 04476 1.094
7 1508912.0 2628.2 1515588,0 5767.9 0.001215 04505 1.118
8 1%564756.0 2764.1 0.002411 1571679.0 €529.2 0,499 1.125
9 1620600.0 2897.5 0.002367 1627770.0 7256.8 0.001155 04512 1.106
10 1676444.0 3030.7 0.002402 1683862.0 7990.9 0.001104 0,540 1.132
11 1732289.0 3164.5 1739953.0 E741.7 0.001035 0.567 1.148
12 1788133.0 3295.1 [%t%%ﬁ%ﬁfb 1796044 .0 $502.4 0.000996 04565 1.100
13 1830575.0 3391.2 0.002233 1838674.0 10216.3 C.00L007 01549 1.142
14 1859334.0 3453.5 0.002090 1867561.0 10246.0 0.001045 01500 1.06}
15 1888094.0 3513.0 0.002045 1896448.0 10276.4 0.001057 01483 1.057
16 1916993.0 3571.2 0.001999 1925475.0 1030%.$ 0.001056 04472 1.051
17 1945893.0 3628.2 0.001960 1954502.0 10337.6 0.001065 04,457 1.034
18 1974653.0 3684.0 0.001916 1583389.0 10368.5 0.001073 01440 1.004
19 2003412.0 3735.7 0.001675 2012276.0 10399.4 0.001058 04369 0.889
20 2032172.0 3796.4 0.002542 2041163.0 10429.3 0.001016 04600 1.354
21 2060932.0 3856.9 0.001654 20T70051.0 10458.4 0.001060 0.359 0.886
22 2089652.0 3906 .4 0.001789 2058938.0 10490.0 C.001056 0.410 0.958
23 2118452.0 3957.5 0.001761 2427825.0 1€520.3 0.001039 04410 0.966
2%  2147351.0 4008.1 0.001750 2156852.0 10550.5 0.001051 0,399 0.930
25 2176250.0 . 4058.7 0.001768 2485879.0 10581.0 0.001060 04401 0.961
26 2205010.0 4108.9 0.001721 2214766.0 10611.9 0.001072 04376 0.937
27 2233770.0 4158.7 0.001735 2243653.0 10642.1 0.001018 0.413 0.942
28 2262530.0 4208.7 0.0017368 2272540.0 10672.4 0.001075 04381 0.944
29 2291290.0 4258.2 0.001705 2301428.0 1€703.4 0.001069 0a.373 0.912
30 2320050.0 4307.6 0.001726 2830315.0 10735.1 0.001124 04349 0.928
31 2348810.0 4357.3 0.001729 2359202.0 10767.2 0.001098 04365 0.950
32 2377709.0 4406.9 0.001711 2388229.0 10799.3 0.001118 04346 0.948
33  2406608.0 4456.3 0.0017:z1 2417256.0 1¢831.6 0.001138 04339 0.950
34 2435368.0 45056.0 0.001735 2446143.0 1€863.8 0.001067 04385 0.967
35 2464128.0 4555.5 0.€01704 2475030.0 1€895.7 0.001137 04333 0.960
36 2492887.0 4604.6 0.001704 2503917.0 10928.4 0.001128 0i338 0.997

: STANTﬁN NUHéER RAT-10 BASEC ON EXPERIMENTAL FLAT PLATE VALUE AT SAME X LOCATION

STANTON NUMBER RATIO FOR TH=l 1S CENVERTED TO COMPARABLE TRANSPIRATION VALUE
LSING ALOG{(1 + B)/B EXPRESSION IN THE BLOWN SECTICA

F-COL

0.0000
0.0126
0.0128
0.0%27
0.0126
0.0123
0.0126
0.0125
0.0126
0.0124
0.0126
0.0125

STHR

1.038
D.879
8.720
$.627
8.599
0.573
8.554
9.564
9.540
$.520
D.497
0.478
8.515
2.531
D. 547
8.555
0.562
0.562
8.561
9.541
8.568
B.565

-8.570

8.559
8.576
0. 584
8.553
0.584
0.572
8.605
8.603
B.620
D.628
2.595
D. 641
8.660

==HOT

0.0000
0.0120
0.0120
0.0122
0.0120
0.0127
0.012¢
0,0118
0.0120
0.0123
0.0125
0.0120

LOGSB

1.038
2.713
2+491
2.390
24329
2.417
2.333
2.316
2.299
2.323
22342
24240
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RUN 073174 VELOCITY PROFILE

REX

XVQ

UINF
vISC
PORT
xLoc

Y{CM.}

0.025
0.028
0.030
0.033
0.036

0.041
0.048
0.051
0.058
0. 066

0.076
0.C389
0.114
0.152
0.203

0.267
0.342
0.432
0.533
0.648

0.800
0.578
l.181
1,440
ls 664

1.981
2.362
3.028

0.11423E 07 REM = 2597.

22.35 CVM. DEL2 = 0.240 CHM.

16.80 M/S DEL9G= 2,000 CHM.

0.15498F-04 M2/S DELL = 0.334¢ CM.
19 H = 1e392
127.76 CM. CF/2 = 0.17156E-02

Y/DEL U(M/S) U/UINF Y+ U+

0.013 7.25 C.431 1le.4 10.42
0.014 7.41 0.4461 12.5 L0.65
0.015 Te63 0.454 13.7 10.97
0.017 7.84 0.467 l4.8 l11.26
0.018 8.16 0.486 16.0 11.72
0.020 8.50 C.506 18.2 12.22
0.024 8.9¢C 0.530 21.7 12.79
0.025 8.96 0.534 22.8 12.88
0.029 9.31 0.555 2642 13.39
0.033 9.45 C.563 29.6 13.59
0.038 9.7C 0.578 3442 13.94
0.044 9.96 0.593 39.9 14.31
0.057 10.31 0.614 51.3 14.83
0.076 10.69 0.637 68.4 15.37
0.102 1l.15 C.664 9l.2 16.03
0.133 11.5¢ €.689 119.7 16.64
0.171 12,01 0.715 153.9 17.26
0.216 12.40 0.738 193.8 17.82
0.267 12.84% 0.764 239.4 18.45
0.324 13.34 0.795 290.7 19.18
0.400 13.85 0825 359,.1 19.91
0.489 14.45 C.860 438.9 20.77
0.590 15.0¢ 0.897 530.1 21.66
0.720 15.71 0.936 6464 22459
0.832 16.16 C.964 T4b.8 23.28
0.990 16.61 0.989 889.3 23.88
1.181 16.80 1.000 1060.3 24.14
l.514 16.8C 1.000 1359.0 24.14



12t

FUN
TACE=
FHGC=
cp=

*ork %

FLATE

DD et AN BN e

10

U73174 *xx DISCRETE HOLE RIG *%%k NAS-3-1423¢

26.81 DEG C UINF= 1£.80 M/S
le 171 KG/M2 VISC= 0.15622E-04 M2/S
1018. J/KGK PR= Gs717
2700STEPFP P/D =5 Tk
X P EX T7C FEENTH

127.8 J.11335E 97 39.35 Je9567¢E
132.8 0.11882€ 07 29.35 C+27670E
137.9 0.12428E 07 :9.:9 04443S0E
143.0 0.12974E 07 29.131 046026517E
148.1 0.13821E 07 Z25.37 0.75534E
153.2 0.140617E 07 29.43 C490327€
158.2 0414613E 07 39.39 0:10475€
153.3 0.15159E 07 39.41 Gi11884E
168.4 0.15706E 07 29.41 Cil3265C
173.5 9.16252E 07 29.44% C.14621E
178.6 0.16798E 0T 39.46 0i415552E
183.6 Q.17345E 27 29.°%4 0il17268E
187.5 0.17760E 07 39.44 0418241E
190.1 0.18041E 07 29.41 041886%E
192.7 0.18322E 07 :9.175 Ce1948SE
195.4 (0.18€605€ 07 39.177 0420102€
198.0 0.18888F 37 139.El 0i207CSE
200.6 0.19169€ 07 39.75 0i21313E
203.2 0.19451F 07 39.¢69 0421913F
205.8 0.19732€E 07 39.82 0.22509E
208.5 0.20013E 27 329.79 0423102E
2l1.1 0.20295E 07 39.81 0.236%1E
cl3.7 0.20576E 07 25.173 Ci24274E
2163 0.20859E 07 29.84 0.24855E
£18.9 0.21141E 07 35.¢E4 0:25435E
221.6 0.Z1423E 07 39.€1 0426018E
224.2 0.21704E 07 29.43 0i26628E
226.8 0.21985E D7 :9.86 Ci27222E
229.4 0.22267E 07 39.67 0.27782E
232.0 0.22548E 07 4).09 04283417E
234 .6 0.22829E 07 40.05 042891¢E
237.3 0.22112E 371 Z9.¢%4 0429479E
239.9 (0.23395E 07 33.86 0330042€
c42.5 0.23€76E 07 29.¢€2 0:i30£01E
245.1 0.23657E 07 3G.82 0431160E
247.8 0.24289E 07 32S5.54 0.31717E

TINF=
Xvo=

STANTON ANO

0.35028E-02
0.31248F-02
0429964E-02
0.2€8270€-02
0.27515€-02
0.2€641E-02
0.26161E-02
0.2%541 76-02
0.25127E-02
0.24535E-02
0.241718-02
024016E-02
0.22480QE-02
0.22150E-02
0.21877E-02
0.21648E-02
0421431E-C2
0.21446E-02
0.21180E-02
0.21150E-02
0.20941E-02
0.20912E~02
0.20465€E-02
0.20762E-02
0.20436E-02
’ 'Q 13E-(

[0.22334E-02
0.16834E-02
0.19925E~02
0.20210F-02
0.20168E-02
0.16831€E-02
0. 20099F-02
0.19633E-02
0.20032E-02
0.154986-02

STANTON NUMBER DATA

26.68 DEG C
22.4 CM

DST
0.683F-04
0.652E-04
0.642E-04
0.5634E-04
0.626€E-04
0.617E~-04
0.616E~04
0.610E-04
0.608E-04
0.603E-04
0.600E-04
0.595E-04
0.795E-04
0.791E-04
0.792E-04
0.774E-04
0.770E-04
0.769E-04
0.751€-04
0.759E~04
0.748E-04
0.756E-04
0.733E-04
0. 754E-C4
0.739E-04
0. 766E-04
0.7T78E-04
0.738E-04
0.702E-04
0.746E-04
0.730E-04
0.T20E-04
0.731€E-04
0.697E-04
0. 748E-04
0.796E-04

DREEN
2.
3.
4.
Se
5.
6.
6.
7.
T.
8.
8.
8.

l.o.
10.
11.
11.
11.
11.
11.
11.
11.
11.
11.

ST(THEQ)
0.31739€-02
0.27968E~-02
0.26313E-02
0.25245E-02
0.24454E-02
0.23826E-02
0.23305E-02
0.22858E~-02
0.22468E~-02
0.22120E~-02
0.21808E-02
0.21524E-02
0.21324E-02
0.21196E-02
0.21073E-02
0.20953€E-02
0.20838E-02
0.20728E-02
0.20622E-02
0.20519€E-02
0.20419E-07
0.20322E-02
0.20229€E-02
0.20137E~02
0.20048E-02
0.19963E-02
0.19879€E~02
0.19798€&-02
0+.19718E-02
0.19641E-02
0.19566E~02
0.19492€E-02
0.19420E-02
0.19349E-02
0.1928LE-02
0.19214E-02

RATID]
1.104
1.117
1.13%9
1.120
1.125
l.118
1l.123
1l.112
l.119
1.109
1.108
1.116
1.054
1. 045
1.038
1033
1.028
1. 035
1.027
1.031
1.026
1.029
1.012
1.031
1.019
1.051
1l.123
1.002
1.010
1.029
1.031
1.017
1.035
1.015
1.039
1. 015



cet

RUN
TADE=
RHO=
cp=
kA

PLATE
1

Vo-~owdHwn

090574

2T7.69 CEG C U INF= 16.81 M/S
1.161 KG/M2 VISC= 0.15796E-04 M2/S
1015. J/KGK PR= 04717
2700STEP1Y M=2.1 7TH=0 P/D=5 *kk

X REX TO REENTH

127.8 0.11218E 07 38.19 0496243E
132.8 0.11759E 07 38.1¢9 04i27581E
137.9 0.1229%E 07 23.19 014491¢E
143.0 0.128B40€ 07 328.23 04627608
148.1 0.13381E 37 28.23 0479750E
153.2 0.13921E 07 38.23 0.96012E
158.2 QJ.14462F 07 28.21 0i11155E
163.3 0.15003€ 07 38.19 041277SE
168.4 0.155435 07 Z8.21 0.142G6E
173.5 0.16084F 07 38.:21 0415773
178.6 0.16€24F 07 28.23 0417223
183.6 0Q.17165E 07 28.:7 C418&37E
187.5 0.17576E 07 27.73 0i19724E
190.1 0.17854E 07 27.¢€4 0420346E
162.7 0.18133FE 07 37.54 0.20952E
195.4 0.18413E 07 :7.56 0421540
198.,0 0.18692E 07 27.68 0.22120E
200.6 D.18971E 07 :7.C¢ 04226G4E
20342 0.19249E 07 27.54 0423260FE
205.8 J.19528E 07 38.04 03423822€
208.5 0.198D6E 07 Z27.58 0.24383E
z11.1 G.20C84E 07 28.10 0i24938E
213.7 0.2Z03€3E 07 38.(4 0425482E
216.3 0.20643F 07 28.11 0.2602¢EE
¢18.9 0.20G22E 27 38.10 0126577E
221.6 0.21201E 07 38.C2 0+27120E
22442 D.21479E 07 217.(5 Ci2T¢62E
226.8 0.21758E 07 33.02 0i28205E
225.4 0.22036E 01 :7.%¢ 0428743E
232.0 0.22315E 07 28.29 0429281E
234.6 0.22593E 07 ZB.:ZS 0426822E
237.3 0422873 07 28.19 Ca30255E
239.9 0.231523E 07 Z28.13 €:30886E
242.5 0.23421FE 07 327.S2 Gi3141¢6F
245.1 J.23709F 07 28.08 0431944E
247.8 UJ.23S88E 07 327.¢5 (324726

LNCFRTAINTY IN

REX=27032.

¥kk DISCRETE HCOLE RIG *%% NAS=3-1423&

STANTON NUMBER DATA

TINF= 27.56 DEG C

Xvo= -

STANTON NC
0.:35604E-02
0.20823E~-02
0.30353E-02
0.26675E~02
0.2756C€-02
0.2¢6709E-02
0«2€431E-02
0.2£381E-02
0.24392E-02
0.22574E-02
0.23143€-02
Ue220€2E-02
0.22644 1E-02
0.221 15E-Q2
0.21296E~02
0.,2C915E~02
0.20668E-02
0.205178-02
0.2C0S7E-02
0.20200€-02
0.20106E-02
0.15678E-02
0.16378E-C2
0.16767E-02
0.15623E-02
0.1$357E-02
0.1552€E-G2
0.,15416E-02
J.1€168E-02
0. 154 ¢EEE-C2
0.18282E-02
0.1£998E-02
0.16112€£-02
G.1£849E-02
V.181C1E-02
0.1€734€-02

22.4 CM

DST
0.813E-04

-0.772E-04

0.768E-04
0.752E-04
0.746E-04
0.736E-04
0.736E-04
0.729E~04
0.721E-04
0.718E-04
0.711E-04
0.702E-04
0.812¢E-04
0.835E-04
0.814E~-C4
0.790E-04
0.784E-04
0.779E-04
0.755E-04
0.765E-04
0.754E-04
0.759E~04
0.739E-04
0.762E-04
0.753E-04
0.781F-04
0.710E-04
0.78BE-04
0.722E-04
0.760E-04
0.741E=-04
0.733E-04
0.738E-04%4
0.712E-04
0.759F-04
0.813E-04

UNCERTAINTY IN F=0.05037 IN RATIO

DREEN

i8.

M F

0.11
0.10
0.10

0.0035
0.0033
0.0033
0.10 0.0033
0.10 0.0033
0.10 0.0032
0.10 0.0032
0.10 0.0033
0.11 0.0035
0.10 0.0034
0.10 0.0034%

T2

28402
28469
28455
28 345
28451
28568
28362
28458
28156
28468
28461

THETA

0.043
0.106
0.093
0.083
0.088
0.105
0.100
0.095
0.094
0.105
0.098

OT4

0.029
0.029
0.029
0.029
0.029
0.029
0.029
0.029
0.029
0.029
0.029



£ct

RUN 090674

¥&x DISCRETE HCLE RIG **% NAS-3-1433¢

TADB= 27.36 CEC C U INF= 16.87 M/S
RHC= 1.162 KG/M2 VISC= D.,57556-904 M2/S
CP= 1016« J/KGK PR= 04717
*hd 2700STEPLI M=Js'1l TH=1 P/D2S *kk
PLATE X REX TO REENTH
1 127.8 0.112858 07 28.37 (.90674E
2 132.8 0.11828E 0T 29.27 C425571F
3 137.9 0.12372E 07 273.:9 Ca52¢€71E
4 143.0 0.12916FE 07 39.35 0576178
5 148.1 0.124613E 37 Z2€.35 J410024F
€ 153.2 0.14004% 07 29.32% C.1219SE
7 15842 J.14548E 27 39.:5 Celbb4éE
8 163.3 U.15091E 07 39.35 Cal6460E
S 168.4 J.15635E 27 26.27 €il8c20c
10 173.5 0.16179E 07 139.41 0.20568E
11 178.6 0.16723F 07 29.41 04227132F
12 183.6 J.17267E 07 29.41 0:24723E
12 187.5 0.17680E 07 39.29 0.26543E
14 190.1 0.179860€ 07 139.1C Ce270C42E
12 162.7 0.18240FE 07 29.41 04275508
16 19%.4 J.18522E 07 29.41 0428)51E
17 168.0 0.18503E 07 39.39 0.28554E
183 200.6 J.19083E 07 29. 36 C4290517E
19 203.2 0.19363E 07 39.37 0«29555E
2C 205.8 0.19643E 07 39.43 0430354E
21 208.5 0.19923E 07 29.432 0+30551E
2Z 2z1l.1 0.20203E 07 39.37 0431049k
23 213.7 0.20483E 07 :G.:1 Ci31548E
24 216.3 (0.20765FE 07 39.48 Gi32043E
25 ¢18.9 0.2104¢€E 07 39.37 0432564E
26 221.6 0.21326E 07 29424 C433050¢&
27 22442 0.21606F 07 28.:2¢ 03433546GE
28 226.8 0.218B7E D7 39.29 0434044E
29 229.4 0.22167E 07 29.20 0434540
30 232.0 0.22447E 07 29.46 0435043t
31 234.6 0.22727E 07 29.50 0135548¢E
32 237.3 0.23008E 07 32S.27 0436050E
33 239.9 0.23290E 07 29.27 C.36556E
34 242.5 0.23570E 07 29.05 0.37058E
35 245.1 (0.238508 07 3%.22 0437560E
3¢ 247.8 0.24139C 07 29.01 0438064F

UNCERTAINTY IN REX=27192.

UNCERTAINTY IN

STANTON NUYBER DATA

TINF= 27.24 DEG C

XvQ= 22.4 CM

STANTON MO DST
0.22346E-02 0.698E-04%
0.27347E-02 0.653E-04
0.24412E-02 0.632E-04
0.23350%-02 0.627F-04
0.218€65E-C2 0.618E-04
0.20747E-02 0,612E-C4
0.2C051E-02 0.608E-04
0.152G€E-02 0.604E-04
0.18394E~02 0.5G8E-04
0.175258-02 0.592E-04
D.1€7765-02 0.588E-04
0.1€25€€-C2 0.586E-04
0.172208E-02 0.6426-04
0.18322E-C2 G.680E-04
0.17910E-02 0.678E-04
0.17839E-02 0.666E-0%
0.1E041E-02 0.672E-04
0.17888E8-02 0.669E-04
0.175€6%E-02 0.651E~-04
N.17984E-02 J.666E-04
0.17517E-02 Q.654E-04
0.17949E-02 0.672E04
0.176E4E-C2 0.657TE-04
0.17623E-02 0.674E-04
0.18058€-02 0.677E-04
0.1€058E-02 0.705E-04
0.17519E-02 0.622E-04
0.17801E-02 0.706E-04
0.17578E-02 0.649€E-04
0.18339E~02 0.695E-04
0.17671E-02 0.672E-04
0.1€104E-02 0.675E-04
0.18020E-02 0.682E-04
0.17756E-02 0.654E-04
0.168084E-02 C.TOOE-04
0.17810€8-02 0.747E-04

Fz0.05036 IN RATIO

DREEN
2'
5.
Ba
S.

11.
12.
13.
14.
15.
16.
16.
17.
18.
18.
18.
18.
18.
18.
18.
18.
18.
18.
18.
18.
18-
18.
18.
18.
19.
19.
19.
19.
19.
19.
19,
19.

M

0.10
0.08
0.08
0.07
0.08
0.07
0.07
0.08
0.09
0.08
0.08

F

0.0031
0.0024
0.0027
0.0024
0.0027
0.0022
0.0024
0.0025
0.0029
0.0026
0.0026

T2 THETA

36468
36486
36481
36483
36164
36 i65
37401
36185
36465
36472
36487

0.779
0.792
0.790
0.792
0.777
0.777
0.806
0.792
0.773
0.780
0.792

bTH

0,025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025



el

RUN Q90574

FUN 0908674

LIMEAR SURPRPOSITICA 1S ARPLIED

RAUa NUMDERE 090574 AND

PLATE RE XCOL

1121810.0
1175873.0
1229936.0
1283699.,0
1338063.0
139212640
144¢18%.0
1500252.0
1554315.0
10 1608378.0
11 1662442.0
12 1716505.0
13 1757593.0
14 1785435,
15 1813278.0
16 1841255,0
17 1869233.0
18 1897075.0
19 1924518.0
20 195276C.0
21 1580603.0
22 2008446.0
23 203628¢.7
24 2064266.0
25 2052243.0
26 2120€868.0
27 ¢147528.7
28 2175771.¢
29 2203¢14,0
30 223145¢€.3
Il 2259255.0
22 228727¢.0
33 2315254.0
3 2343(56.0
35 2370636.0
36 22881781.9

0D~ 0PN

STANTCN NUMBER KATIO BASEC ON ST#PE*%0,4=0.0295%REX®® (= 2)* {1~ (XI/(X=-XV0) ) **0,9)*x(~1,/9.}

RE DELZ

96,2
276 .4
444 .0
60743
764.5
916.3

106444
1209.32
1348,6
1483.9
1616.2
1743.3
1837.6
1931.6
1963 .7
2023.9
2083 .0
2141 .5
2199.,2
225643
i213.5
2369 .3
2424 .5
2430 .3
2536 .9
2590.9
2¢45,.3
2700 .8
27552
2839.7
236443
£518.1
2571.7
3025.0
3078.3
3131.2

LT

o

£90¢&74

ST{TH=03

0.0022¢€0
0.C03103
0.C230s8
0.002944
0.002872
0.002744
0.002734
0.C02528
0.002522
0.C0248¢
0.002407
0.C002252
0.002321
0.C022174
0.C021E0
0.002137
0.002106
0.002091
0.602047
0.002053
0.CC2C45S
0.0016623
0. 00165¢3
0.C0z20C8
J.(015¢€5
0.001955
J. 001682
0.C015¢5
0.001940
0.C01%€8
0.C015¢%2
0.CG191:2
0.001927
0. CC1l6C1
0.001925
Jo. (01687

TO STAMTOM

2Z700STEPIO

2700STEPLO

KREXHOT

112€452.0
1182835.0
1237218.0
1251602.0
1345985.0
1400368.0
14547510
1506134.0
1563518.0
1£17601.0
1672284.0
1726667.0
1767599.0
179600¢€.0
1824013.0
1€52157.0
1880300.0
19€8307.0
163€315.0
1964322.0
1692230.0
2020337.0
204834440
2076487.0
2104631.0
2132638.0
2160645.9
2188653.0
2216661.0
2244668.0
2272675.0
23CC81E.0
2328G562,.0
225696%.0
238497¢.0
2412634.7

%% DISCRETE HCLE RIG #3% NAS-3-14336
#=0.,1 TH
=% [ISCRETE HCLE RIS +%% NAS-3- 1433¢

#mCal TH

RE TELZ2

90.7
25245
553.2
806.7

1069.2
1303.4
1550.2
1768.1
1989.2
22115
2450.7
2672.5
2871.2
2923.0
2970.¢
3017.9
3065.17
3113.8
21€1.2
3209.1
325¢&.¢E
3304.¢&
3353.0
2400.¢
244G.3
3458.6
3547.1
256¢%.

3643.2
3662.2
2741.€
3790.7
2840.4
2B85.6
363845
3588.4

STANTON NUMZER PATIO FOR TH=1 IS CCNVERTED TQ CCMFARABLE

LSING ALCG(L + B}/B EXPRESSICN

IN THE BLOWN SECTICN

STANTON NUMBER

=0 P/D=3

P34

STANTON NUMDER

=1 P/D=5

AUMBER CATA FRCM

70 CBTAIN STAMTCN NUMBER DATA AY

ST{TH=1)

0.003335
C.002630
0.002262
0.002174
0.002006
0.001891
0.001796
0.00174¢
0.001668
0.00154¢
0.001467
€.001444
0.001559
0.001712
C.001685
J.00168¢8
0.001722
0.00179¢
0.001680
0.001729
C.001671
0.001741
0.001715
€.001695
C,001757
0.00176%
1.0J01689
C.00173¢C
0.201798
C.001797
0.001717
0.001782
C.001768
C.001741
0.001777
0.301752

ok

TH=0 AND

ETA

[SIVNISIY]
0.152
04270
0.262
0.302
0.311
01343
04336
04339
04377
04390
04370
0329
046247
0. 227
0.210
0.182
Q4184
04179
0.158
04185
04127
0.126
01156
0.115
0.097
04148
04120
J.122
0,086
0.121
0.068
0,083
03084
0,077
0.172

DATA

DATA

TH=1

STCR

1.016
0.814
0,909
0.931
0.960
0.958
0.990
0.983
0.969
0.979
0.96%
0.541
0,966
0.955
0.923
0.913
0.907
0.907
0.895
0.504
0.508
0. 889
0.882
0,908
0.903
0.894
2.912
0.309
0.903
0.919
0,918
0.904
0.915
0.507
0.923
0.979

TEFANSPIRATION VALUE

F-COL

0.0000
0. 0035
0.0033
0.0033
0.0033
0.0033
0.0032
0.0032
0.0033
0.0035
0.0034
0.0034

STHR

0.952
0.940
§.859
2. 861
8.820
0.793
0.770
0.763
0.742
¢.700
0.673
0.6T1
9.730
9.807
0.799
0.805
8.826
0.823
£.814
0. 842
0.618
0. 856
0.848
8.841
0.876
. 884
D4 849
8.873
0.856
0.914
0. 677
0.914
6.910
£.899
8.921
0.911

=-HOT

0.0000
03031
0.002%
0.0027
0. 0024
0.0027
0.0022
0.0024
0.0025
0.0029
0.0026
0.0026

.JG8

0.952
L.419
1.267
1.330
1.240
1.276
1.185
1.207
1.212
1.239
1.173
1.179



et

*xx CISCRETE

UINF=

VISC=
PR=

07
07
07
07
07
07
07
07
07
07
07
07
97
07
07
07
07
07

KUN (80274
TADB= 2865 DEG C
RHO= 1.164 KG/M3
cP= 1016. J/KGK
L d ] 2T00STEPZ20 M=0.2
PLATE X REX
1 127.8 0.1122%E
2 132.8 O0.11746F
3 137.9 0.12307t
4 143,0 0.12848E
5 148.1 0.13389E
& 153.2 0.13930E
7 158.2 0.14471E
§ 163.3 0.15012E
S 168.4 0.15553E
1¢ 173.5 0.16994E
11 178.6 0.16635E
12 183.6 0.171d6E
3 187.5 0.17581E
14 190.1 O0.1786¢E
15 192.7 0.18l44E
16 195.4 0.18424E
17 198.0 Q.18704E
18 200.6 0.18983E
19 203.2 0.19261E
20 205.8 0.19540€E
21 208.5 0.16819E
22 21l.1 0.20097€
23 213.7 0.,2037¢E
24 216.3 0.20656E
25 218.9 0.2093¢E
26 221.6 0e21214%4E
27 224.2 0.21493E
28 22648 0.21772E
29 22S.4 0.22050F
30 222.0 0.22329t
31 234.5 0.226B7E
32 237.3 0.22€E87E
33 239.9 0.23167E
34 Z42.5 0.23446E
35 245.1 0.23725%
36 247.8 0.24003E

1€.80 M/S
0.157715E-04 M2/8
04717

TH=0 P/D=5 "ok %
T0 REENTH
40.03 0189744k
39.56 0326141E
39.58 0:44003E
38.68 0«62375E
3954 0.,80229E
39.66 Cs972¢62E
39456 0:11415E
319,5¢ 0.13CS7E
39.56 0:s14740F
39.68 0.16341E
29.66 0417905€
40.00 0s19447F
39.5¢C $4206568E
29.23 0421278
39,87 012186G2E
36,73 0422487E
39,15 042306¢EE
89,15 0a23£42E
29.173 0424207E
29.E4 0.26764E
39.81 0.25316E
29.68 €as25861C
39.81 0i26396E
29.50 0e26632%
29.50 0427468E
29. €4 Ci2800%E
359,52 0428568E
29.54 0:29116E
39.173 0429€38E
404065 0.30162C
40.C7 0330684E
39.56 0431203E
I9.E8 Cs31724E
39.¢€4 0.32245E
29. €2 Ci327¢64E
29.58 0.33278E

UNCERTAINTY IN REX=27049.

HOLE RIG *%% NAS-3-14336

STANTCN AUMBER DATA

TINF= 28,53 DEG C

XV0= 22.4 CM

STANTON NO DST
N.33179€-02 9D.733E-04
0.302¢€5E-C2 0.714E-04
J.26841F-02 2.702E-24
0.27S58SE-C2 0.696E-04
0.26966E-02 0.690E~-C4
0.260495-02 0.683F-04
0.25536F-02 0.679E-04
N.24723E-C2 C.6T4E-04
0.241006-02 0.669E-04
0423882E-02 0.667E-D4
0.23551%-02 0.666E-04
0.22493E-02 0.656E-04
0.220C6E-02 0.792E-04
0.22410€-02 0.824E-C4
0.21609E-02 0.811E-04
0.2102GE-02 0.781E-04
0.20635€-02 0.771E-04
0.20510E-02 0.765E-04
0.20044E-02 J.741E-04
0168 75E-02 0.742E-04
0.1S7T1¢E-02 0.731F-04
0.1¢3195-02 0.733E-04
0.19102E-02 0.716E~04
0.16334E-02 0.735E-04
0.16024E-02 0.721E-04
0.16539E-02 0.746E-04
0.2C7675-02 0.756E~04
D.1E5E6E-92 0J.726E-04
0.16828E-02 0.692E~-04
0.187465-02 0.725E-04
0.1£692E-02 0.710E-04
0.1E524E~-02 0.705E-04
0.1£818E-02 0.717E-04
0.18546E-02 0.688¢-04
0.1E683E-02 0.734E-C%
0.18182E-02 0.783E-04

UNCERTAINTY IN F=0.05037 IN RATIO

DREEN
2.
6.
9'

12.
14,
16.
17.
19.
20.
2l.
22
23.
24.
24.
24.
24.
24
24.
24 .
24.
24‘
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.
25.

M

0.20
J.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20
0.20

0.0066
0.0065
0.0064
0.0064
0.0064
0.006%4
0.0065
0.0065
0.0063
0.0065
0.0064

T2

29a12
29450
29451
29441
29150
29159
29157
29452
29146
29150
29451

THETA

0.052
0.085
0.086
0.077
0.085
0.093
0.091
0.087
0.082
0.085
0.086

oTH

0.027
0.027
0.027
0.027
0.027
0.027
0.027
0.027
0.027
0.027
0.027

TRy



921

FUN 080374

TACEB= 26.81 DEG C UINF= 16.71 M/S
RHG= 1.173 KG/M3 VISC= 0.15612E~04 M2/S
cp= 1013. J/KGK PR= 0e715
*k ok 27008TEP20 M=0.2 TH=1 P/D35 k¥
PLATE X REX TO REENTH
1 127.8 0.1128CE 07 4l.32 0488229E
2 132.8 0.11823F 07 4l.36 0.24652E
3 137.9 0.12267E 07 41.38 0169896E
4 143.0 0.12911FE 07 4l.:2 0411301E
£ 148.1 0.13454E 07 4l.32 0115552€
6 153.2 0.13998E 07 41.21 0.19€23E
T 158.2 0145418 07 41.34 0.23666E
8 163.3 0.15385L 07 41.:21 0:276S0E
9 168.4 0.15629E 07 41.326 0432002E
1) 173.5 0.16172E 07 4le.Z1 0é356STE
11 178.6 0.16716E 07 41.24 043975¢6E
12 183.6 0.17259E 07 <1.326 0443442E
13 187.5 0.17T€72E 01 40.28 Ci4TC82E
14 1s0.1 0.17952% 07 39.88 0i4T7443E
15 192.7 UQ.18232E 07 40.C5 Ci47831E
16 165.4 0.18514E 07 40.03 0448227E
17 158.0 9Q.18735E 27 40.01 0448629E
18 200.¢6 0.19075E 07 39.%6 0.449037F
16 203.2 0.1932E8%E 97 39.¢0 0.49443¢E
20 205.8 0.19635E 07 29.56 0:49853€E
¢l 208.5 0.19915E 07 29.98 0.57262€
22 211.1 V.20195E 07 329.60 0450672
23 213.7 0.20475F 37 29.S0 0i51084E
24 Z16.3 0.20756E 07 40.C7 Ci514S2E
25 218.9 0.21037C 07 29.94 0451905€
2€ 221.6 0.21317E 07 29.¢0 0s52329E
21 22442 0.21597€E 07 39.77 Ca52772E
28 226.8 J.21877E 07 490.C1 0453207E
2S 229.4 0.22157E 07 B89.84 0453¢€18E
30 23240 0.22437 07 40.01 0i54038E
31 23446 0.22717E 07 40.(C3 01544¢€5E
3¢ 237.3 0.22998E 07 39.81 0454892E
33 239.9 0.232B0E 07 29.82 Ci55322E
34 242.5 0.23560FE 07 39.60 0a455747E
38 245.1 0.23840E 97 29.13 C456175E
3¢ 247.8 0.24120E 07 39.48 0.56605E

UNCERTAINTY IN REX=2718C.

*#k DISCRETE HCLE RIGQ %%k NAS—-3-1433¢

STANTON NUMBER DATA

TINF= 26.68 DEG C

X V0=

STANTON NO

0.32461€-02
0.2577€€-02
0.20407€E-02
0.1¢855E-C2
0.17385€E-02
0.16635E-02
0.12628E-02
0.15242€-02
0.14368E~-02
0.14375E-02
0.12603€~-02
0.13454E-02
0.12055&8-02
0.13684E-02
0.14015€-02
0.14214E-02
0.14528E-02
0.14539E-02
0.14453E-02
0.14778E-02
0.14401E-02
0.14850F~02
0.14585E-02
0.1453%5E-02
0.14897E-02
0.1£349E-02
0.16278%-02
0.14T766E-02
0.14538E-02
0.15463€E-02
0.15022E-02
0.15420€-02
0.15275€E-02
0.1503€E-02
0.15525E-02
0.15165E-02

22.4 CM

DST
0.584E-04
0.538E-04
0.508E-04
0.502€E-04
0.495E-04
0.493E-04
0.487€E-04
0.487E-04
0.482FE-04
0.482E-04
0.4 75E-04
N.478E-04
0.441E-04
0.522E-04
0.542E-04
0.542F-04
0.553E-04
0.554E~04
N.542E-04
0.555E~04

J.548E-04

0.563E-04
0.552E-04
0.567E-04
0.564F-04
0.584E-04
0.601E-04
0.574E-04
0.544E-04
0.591E-04
0.577E-04
0.580E-04
0.585E~-04
0.559E-04
0.608E-04
0.648E-04

UNCERTAINTY IN F=C.05037 IN RATIO

DREEN

2e
9.
16,
20.
24 .
27.
30.
32.
35.
37.
39.
41.
42.
42.
42,
42.
42.
424
42 .
42 .
42.
42.
42.
42.
42.
42.
42.
42«
42.
42 e
42.
42.
42.
42.
42.
42,

M

0.19
0.18
0.18
0.18
0.18
0.18
0.19
0.18
0.18
0'18
0.19

| 3

0.00862
0.0060
0.0058
0.0058
0.0057
0.0059
0.0060
0.0060
0.0059
0.0060 .
0.0061

T2

41:00
41442
41183
41134
41446
41429
42143
41129
403139
40404
40441

THETA

0.975
1.002
1.035
1.001
1.011
0.996
1.077
0.995
0.938
0.911
0.935

pr+4-

0.021
0.021
0.021
0.021
0.021
D.021
0.022
0.021
0.021
0.021
0.021



Let

RUN 080274  *+» DISCRETE HOLE R1E w#& NAS-3-1433¢ STANTON NUMBZR DATA
*w¢  27CCSTEP20 #2(.2 TH=C P/L25  mws

RUN (802374  *&* CISCRETE HCLE RIG =s¥ NAS-3-14336 STANTON NUMEBER CATA
' a»s 2700STEP20  Ma0.2 THel P/D=5  mkk

LINEAR SUPERPOSITIGN I3 APPLIED TO STANTCN NUMBER CATA FROM '
RUN NUMBERS 080274 AND 080274 TO CBTATN STANTON NUMEER CATA AT TH=) AND TH=1

PLATE  REXCOL RE DEL2 . 5T(WH=D) REXHO1 RE DFL2  ST(TH=1) ETA STCR F-COL STHR F=HOT LOG3
1 1122526.0 9.7 0.003218 1127970.0 €602 0.003246 UYUUY 0.947  0.0000 0.927 0.0000 0.927
2 1176€24.0 262.1 0.€03054 1182320.0 26£.2 C.002566 0,160 04800 0.0066 8.916 0.0062 1.797
3 1230722.0 424 .4 (0.002547 123€690.0 706.2 0.002030 0.311 0.856 0,0065 8.770 0.0060 1.650
4 1284819.9 582.1 J.C02€83 129105040 1136.9 J.901904 0.340 0.911 0.0064& 0.753 0.0058 1.642
S 1338617.0 735.4 0.€02783 134541040 15€2.1 0.001757 04369 0929 0.00564 0.717 0.,0058 1.623
6 1393015.0 883.4 J.002688 1356770.0 1960.5 J.2J1€70 0.379 0.938 0.0064 0.700  0.0057 1.615
7 144711:.0 1027.7 0.002650 1454130.0 2360.7 0.001567. 0409 0.959 0.0064 B8.67T1 0.3059 1.616
8 1501210.0 1168.8 J.002565 15086490.0 276543 [0.)91561] 0.391 0.958  0.0065 0.682 0.0060 1.660
9 1555308.0 1305.8 0.€02502 15€2850.0 317345 G0.J001474 0.411 0.960 0.0065 B8.655 0.0060 1.638
10 1609405.0 1440.6 0.002482 1617210.0 357446 0.001370 0.448 0.976 0.0063 0.618 0.0059 1.595

11 1€53503.0 1574.1 J.C02454 1671570.0 3967.1 C.00127L_ 0,482 0,986 0.0065 0.582 0.0060 1.569
12 1717601.0 1703.6 [0.002232) 1725930.0 4359.,8 [0.001263] 04458 0,956  0.0064 0.586 0.0061 1.606
13 1758715.0 1758.8 ). 002302 176724440 4741.5 0.001114 O0.516 0.957 0.522
14 1786575.0 1863.4 0.002330 1795239.0 4775.6 0.001288 0i447 0.977 0.607
15 1B14435.0 1927.1 0.002238 1823235.9 4812.3 0.001332 04435 0.947 0.631
16 1842431.0 1988.6 0.C02172 185136€.0 4850.0 0.001359 0,375 0.927 0.647
17 1870426.0 2048.5 0.002126 1875497.0 4888.6 0.001397 0.343 0.914 0.669
18 1898287.0 2107.6 0.C0:112 19G7493.0 4927.8 0.001399 0338 0.915 8.674
19 1926141.0 2165.8 0.002061 193548840 4967.0 0.001394 04324 0.900 0.675
23 1554007.0 2223.0 0.002035 1663483.0 50C&.5 (.001431 0.298 0,897 0.696
21 1581868.0 2279.7 0.002026 195147S.0 S046.1 0.001391 0.313 0.897 8.680
Z2 2009726.0 2335.6 J.C01677 2019474&.u 5085.8 0.201444 0.270 0.881 8.709
23 2037588.0 2390.4 0.001556 2047470.0 £125.5 G.001417 04276 0.878 8.699
4 2CE5584.0 2445.4 J.001SE3 2075601.0 5165.5 0.701410 04289 0.895 0.699
¢35  2093579.0 2500.1 0.C01S544 2103732.0 £205.6 0.001452 04253 0.883 8,723
26 - 2121440.0 2555.1 0.0019S7 2131728.0 5247.0 0.J01496 04251 0.912 0,748
o7 214930C.0 2612.5 0.002123 2156723.0 5290.2 C.001587 04253 0.976 0.797
3 2177160.0 2668.6 0.001898 2187718.0 £332.6 G.001441 04240 0.877 : 0. 727
25 2205C21.0 2721.9 2.061927 2215714.0 5372.& 0.0014l4 02266 0.895 .76
30 2242881.0 2775.4 0.C019C8 2243710.0 5413,7 0.00151€¢ 04205 0.892 s. 171
21 £260741.0 2828.6 2.001907 227170%5.0 £455.5 0.001468 04230 0.896 0.749
32 2289736.0 2B881.5 O0.001884 2299836.0 5467.2 0.001513 0.197 0.890 8.775
33 23161732, 2934.5 0.001618 2327967.0 5535,5 0.001495 0,221 0.910 9.768
34 2344592.0 2987.5 0.001890 2355963.0 £E581,0 0.001471 0.221 0.901 0.759
35  2272453.0 3040.5 0.001900 2383958.0 £623.0 2.001523 0.198 0.910 0.789

36 ¢400313.0 309248 0.C01849 2411653.0 £66%.2 0.001485 0,195 0.899 0.774%
. STANTCN MUMBER QAT 10 BASEC ON STHIPR*#%0.4=0,0295¥REX¥R(~,2) #({ 1= (XI/(X-XVO))*%0.9) 4k (=1./9)

STANTCN ANUMBLR RATIO FOR TH=1 IS CENVERTED YO COMPARABLE TRANSPIRATION VALUF
LSING ALOG(1l + B}/B EXPRESSICN IN THE BLOWN SECTICON



gctl

RUN

050374

*x% DISCRETE HOLE R1€ %%k NAS-3-14336

TACB= 26.08 DEG C UINF= 1€.87 M/S
RHO= 1.167 KG/M3 VISC= 0.15649E-04 M2/S
Cp= 1015. J/KGK PR= 0a717
kk 2T700STEP 20 M=0.3 TH=0 P/D=*5 Ll
PLATE X RE X T0 REENTH
1 127.8 0.11361E 07 37.¢1 049STCSE
2 132.8 0.116908E 07 37.56 04128704E
3 137.9 0.1245¢E 07 37.54 Ce4T214E
4 143.0 0.13C03E 07 27.54 0466340E
5 148.1 0.13551E Q7 37.%4 0484888E
6 153.2 0.14098E 07 137.56 0410308E
T 158.2 0D.14€46E 07 27.%56 Qil2CSTE
8 163.3 0.15194E 07 37.58 0413889E
9 168.4 0.15741E 07 37.58 0415673E
10 173.5 0.16289E 07 37.58 0i117425E
11 178.6 0.16836E 07 37.%58 0419132€
12 183.6 0.17384E 01 37.58 0420815E
13 187.5 0.17B00E 07 26.59 0422130E
14 190.1 0.18082E 07 36.50 0422782E
15 192.7 0.18364E 07 37.22 0123417€
16 195.4 0.18647E 07 :7.2¢ Ci24C34F
17 198.0 0.18930E 07 37.21 Di24E3 EE
18 200.6 0.,19212E 07 37.21 0425231E
1€ 203.2 0.19494E 07 27.33 042580¢E
20 205.8 0.19736E 07 Z7.43 Q0126375E
21 208.5 0.20058E 07 27.37 0426940
22 211.1 0.20340E 07 327.47 Ci27496E
23 213.7 0.20622F 07 127.39 0428042¢€
24 216.3 0.20905E 07 37.51 0i28586E
25 218.9 0.21189E 07 37.45 0429130
26 221.6 0.21471E OT 37.33 0429671E
271 224.2 0.21753E 07 26.27 £:i30215E
28 22648 0422035E 07 327.37 0430759E
25 225.4 0.223117E 07 27.28 0343126¢€E
30 232.0 0.22599E 07 27.66 0431835
31 234.6 0.228BlE 07 B7.¢&2 0332373E
32 237.3 0.23164E 07 =7.°%1 0432S08E
32 239.9 0.23447E 07 37.47 0i33441E
34 242.5 0.23729€E 071 27.22 0433974E
35 245.1 0.24011E 07 27.41 0134506t
36 247.8 0.24293E Q07 327.16 0435041E

UNCERTAINTY IN REX=27376.

STANTON NUMBER DATA

TINF= 25.95 DEG C

Xve=

STAMNTCN NO

0.2€4232-02
0.32007E-02
0.25776E-C2
0.286665~02
0.27846E-02
0.27331E-02
0.2€837€-C2
0.26049E-02
J.25524E-02
0.25670FE-02
J.25053E-b2
0.23768E-02
0.23355€-02
0.22806E-02
0.221€86%-02
0.215%3€-02
0.21224E-02
0.2C81TE-02
0.20087E~02
0.20042€-02
0.15963E-02
0.16435E-02
0.19251€-02
0.15304E-02
0.1€222E-02
0.19072E-02
0.16522E-02
0.19002€E-02
0.19066E-02
0.1¢<083€-02
0.19024€-02
0.1€EBE7E-02
0.1€E8E5E-02
0.1€856E~C2
0.19042E-02
0.18632E-02

22.4 CM

oS T
0.755E~-C4
0.T14E~04
0.698E~04
0.690E-04
0.684E~04
0.679E-04
0.675E-04
0.669E-04
0.665E-04
0.666E-04
0.662E-04
0.653E-0%
0.821F-04
0.833E-04
0.822E-04
0.790€-0%
0.782E-04
0.768E-04
0.737E-04
0.740E-04
0.731E~-04
0.730E-04
0.7T13&~04
0.729€-04
0.721E-04
0.752E-04
0.683E-04
0.758E-04
0.697E-04
0.730E-04
0.713E-04
0.709E-04
0.713E-04
0.691E-04
0.737E-04
0.792€~04

UNCERTAINTY IN F=0.05026 IN RATIO

DREEN
2.
8.

13.
l6.
19.
22.
24.
26.
28.
29.
31'
33,
33.
33,
33.
34.
34.
34.
34,
34%.
34,
3‘.
34.
34,
34.
34.
34.
34,
34.
34.
34.
34.
34.
34.
34.
34.

M

0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.29
o. 29
0.29

F

0.0093
0.0094
0.0095
0.0065
0.0093
0.0093
0. 0094
0.0095
0.0093
0.0093
0.0093

T2 THETA

26431 0.031
26465 0,060
26164 0.059
26 .64 0.060
26165 0.060
26iT4 0.068
26479 0.072
263174 0.067
26368 0.062
26474 0.068
26371 0.065

DT

0.027
0.026
0.026
0.026
0.026
0.026
0.026
0.026
0.026
0.026
0.026



62T

TINF= 26.78
Xv0= 2244
STANCN NO

0.34694E-02
0.26563E-02
0.21365E-02
0.18765E-02
0.178794€E-02
0.1&701E-02
0.1€152E-02
0.15653€-02
0 .14709E-02
0.14365E-02
0.13962E-02
0.13624E~C2
0.13734€-02
0.14227E-02
0.14254E-02
0.14326E-02
0.14358E-02
0.14332E-02
0.1409£E~02
0.14227€-02
0.140575-C2
0.14255€~02
J.12279E-02
0.14019E-02
0.141088-02
0.14294%-02
0.13778€-02
0.14325E-02
0.13955E~-C2
0.14£326E-02
0.144538-02
0.14821E~02
0. 14832E-02
J.14509E-02
0.15014E-02

RUN 090474 x#% DISCRETE HOLE RIE *x% NAS-3-1433¢
TACB= 26.90 DFC C UINF= 1€.84 M/S
fHO= 1.160 KG/M3 VISC= 0.157853E-04 M2/S
Cp= 1017. J/KGK PR= 04718
kk 2TODSTEP 3D M=0.3 TH=1 P/D=5 k&
PLATE X REX 70 REENT -
1 127.8 0.11270E 07 43.11 0194222E
2 1322.8 0.11814% 07 43.09 0.26167E
3 137.9 0.12357C 07 43.CS Ci82572E
4 143.0 0.12900E 07 43.03 0.14073E
5 148.1 J.13443E 07 43.(C5 0419786E
6 153.2 O0.13986E 07 43.07 0.25502E
7 15842 9D.14529E 07 43.07 0431368E
8 163.3 0.15073E 07 43.05 0i36811E
€ 168.4 0.15616E 07 43.C3 0342181E
10 173.5 0.16159E 07 43.07 04472¢€5E
11 178.6 0.16702E 07 43.07 0452670E
12 183.6 0.17245€ 07 43,07 0i157848E
13 187.5 0.17658E 07 42.¢€1 0:163117E
14 193.1 D.17S38E 07 42.42 0.6350¢E
15 192.7 0.13217E 07 42.73 0:63908E
16 1S5.4 J).18498E Y7 ¢2.173 046430¢€E
17 198.0 0.18780E 07 42.73 0.64710E
18 200.6 0.19059E 07 42.67 0465111E
13 203.2 0.19339E 07 42.€2 0J€58CSE
20 205.8 0.19616E 07 42.175 0:6590¢eF
21 208.5 0.19898E 07 42.73 G+66302E
22 21l.l 0.20178BFK 07 42.73 0:66699E
23 Z21l3.7 J.20458E 27 42.71 0.67094E
24 216.3 0.20739E 07 42.€¢ 0.67486E
25 218.9 0.21020E 17 42.7¢ 0167880€
26 221.6 0.213u4CE 07 42.59 0.68278E
21 224.2 0.21580E 07 4l.€1 04686T7T1E
28 226.8 0.21859% 07 4Z.¢3 Ci6GCE4E
29 22S.4 0.22139E 07 42.58 0469460E
30 232.0 D.22419E 07 22.5C 0469861E
31 234.6 0.22698E 07 42.88 0.70268E
32 237.3 0.2297SE 07 42.¢65 0:7J678F
33 239.9 0.23261E 07 42.£3 0371093E
34 242.5 0.23540E 097 42.:7 Q1715C4E
35 245.1 0.23820E 07 42.54% 0471917
36 247.8 0.24100E 27 42.20 0372338F

UNCERTAINTY IMN REX=27158.

0.15048€-02

STANTCN NUMBER O0ATA

DEG C
cv¥

£sT
0.545E-04
0.496E~04
0.465E-04
0.454E-04
0.450E-04
0.444E-04
0.442E-04
0.441€~-04
0.438E-04
0.435E-04
0.434E~-04
0.433E~04%
0.493E-04
0.521E~04
0.532E~04
0.526E-04
0.529E~04
0.528E-04
0.513E-C4
0.522€E~04
0.516E-04
0.527E-04
0.514F-04
0.528E-04
D.524E~-04
0.553E~-04
V4 TLE-O4
0.560E-04
0.506E~-04
0.549E~04
U.538E~04
D.542E-04
0.550E~04
0.522F-04%
0.571E~04
0.624E-04

UNCERTAINTY IN F=0.05036 IN RATIO

DREEN

2.
12.
2.
28.
34.
39.
43.
46.
49,
52.
55.
58.
59.
59.
59.
60.
60.
60,
60.
60.
60.
60.
60.
60,
60.
60.
60.
bo.
60'
60.
60.
60.
60.
60.
60.
60.

M F

0.28 0.0090
0.29 0.0093
0.28 0.0092
0.29 0.0095
0.31 0.0100
0.29 0.0093
0.27 0.0087
N.27 0.0087
0.30 0.0097
0.29 0.0094
0.31 0.0100

T2 THETA

41314 0.881
42406 D937
42420 0.949
41488 0.928
41372 0.917
413159 0.909
423546 0.964
41170 0.918
41400 0.873
40390 0.867
40484 0.863

DT+

N.019
0.019
0.019
0.019
0.019
0.01¢9
0.01l9
0.0109
0.019
0.019
0.019



RUN 090374

RUN 090474

Bk

sk

. 2700STEP30

2700STEP30

k% DISCRETE HCLE RIG %%% NAS=3-1423¢

STANTON NUMBER DATA

M=0.3 . TH=C . P/D=5

#4% DISCRETE HOLE RIE *%* NAS-3-14336
; ¥20.3 TH=1

ok

STANTON NUMBER DATA

LINEAR SUPERPOSITION LS APPLIED TO STANTCN NUMBER CATA -fROM

RUN NUMBERS 090374

PLATE

PO = s Pt Pt (b it Pt b o Pt
CUVENOCVPLPLNNHOOD NS WN -~

ny
-

PR N
Ve~ WN

W w
SR~

WWw W
SWN

w W
owm

STANTON NUMBER RATI0 BASEC ON STAPRX¥0.4=0.029 SKREX*#(=22)2 () o—={XI/{X=XVD )} *%) . 9)¥*(~1,./9,.)

REXCOL

1136091.0
1190843.0
12455944 0
1300345.0
1355097.0

1409848.0

1464600.0
1519351.0
1574102, 0
1628854.0
1683605.0
1738357.0
1779568.0
1808165.0
1836362.0
1£64695.0
1893029.0
192122¢.0
1949423.0
1977620.0
2005817.0
2034014.0
2062211.0
2090545.0
211887%.0
2147C76.0
2175273.0
2203470.0
2231667.0
2259864.0
2288061.0
23163%4.0
2344728.0
237292%.0
2401122.0

© 2h29315.0

RE DEL2

99.7
28%.5
458.4
621 .5
779.9
§34.8

1087.3
123646
1382.4
1527.4
167L.1
180%.5
1911.0
1978.3
2043 .8
2107.3
2163.3
2230.2
2289.4
2347 .5
2405.3
2462.2
2518.1
2573 .7
2629.3
2684.6
2740.3
2795.9
2850.8
2905.7
2960.6
3015.1
3069 .4
3123.7
3178.1
3232.2

AND 090474

ST{(TH=0)

0.003642
0.003219
0.003022
0.€02934
0.002852
0. 002807
0.002764
0.C02689
0.:002639
0.€02655
0.002595
0..002461
0.002416
0.002352
0.002285
0..002215
0.,.002180

04002136 -

0..00205S
0.002053
0.002046
0.001987
0.001569
0.001674
0.001565
0.001947
0.002000
0. 001939
0.001949
0.001945
- 0001940
0.001523
0.001922
0.0Q1922
0.001538
0..001893

REXHOT

1127044.0
1181359.0
1235675.0
1289990.0
1344305.0
1398621.0
1452936.0
1507252.0
156156740
1615882.0
1670198.0
1724513.0
1765793.0
1793765.0
1821738.0
1849846.0
1877954.0
1905926.0
1532899.0
1961871.0
1989844.0
2017816.0
2045789.0
2073897.0
2102005.0
2129977.0
2157950.0
2185922.0
2213895.0
2241867.0
2269840.0
2257948.0
2326056.0
2354028.0

'2382001.0

2409973.0

RE CEL2

S4.2
250.7
878.2

14€7. 4
208046
2684.8
3310.8
3895.7
444546
4988.5
€585.4
€161.7
€756.2
6791.1
6827.1
6863.5
6900.3
€537.3
6574.2
7011211
10417.9
7084.5
n2z2.

7158.7
7195.6
1233, 1
7269.5
7306,8
7344.1
17381.8
7420.4
T459.4
1498.0
1538.1
1577.4
6177

ST(TH=1)

C.003469
0.00262¢&
0.002051
0.001812
0.001717
0.001575
0.001506
0.001485§
0.0013%8
0.001294
0.001217
0.001191
0.001211
0.001278
0.001291

0.001311

0.001320
0.001324
0.001308
C.001324
0.001306
0.001338
0. 001309
0.001313
0.001325
0.00134S
0.001281
C.001354
0.001306
0.001389
0.001368
C.001413
0.001415
0.001378
0.001433
0.001444

p/C=5

xxK

ETA

uyuLy
0.184
04321
04382
041398
0.439
01455
0:446
04470
01513

. 0s531

01516
04:499
03457
0435
01408
03394
04380
04364
03355
03362
01 226
04335
0.335
04326
04307
01369
0:302
03328
0,286
04295
03265
0.264
01283
04260
Qa.237

TO OBTAIN STANTCN NUMBER CATA AT THs30 AND TH=l

STCR

1.040
0.847
0.890
0.930
0.956
0.983
1,005
1.008
1.017
1.049
1.047
1.013
l.008
.991
0,971
0.949
0.941
0.929
0.902
0. 906
0.909
0.889
0.887
0.895
J.896
0.893
Je923
0.900
0.909
0.913
0.915
0.911
0.516
2.920
0.932
0.915

STANTON NUMBER RATIO FOR TH=1 IS CENVERTED TO COMPARABLE TRANSPIRATION VALJE
USING ALCG(l + B)/B EXPRESSICN IN THE BLOWN SECTION

F-COL

0.0000
0.,0093
0.0094
0.0095
0. 0095
0.0093
0.0093
0.0094
0.0095
0.0093
0. 0093
0.0093

STHR

0.990
0.938
0.779
B.718
0.702
0.661
0. 646
0.651
0.622
0.585
0.558
0.553
0.568
0.603
0.613
0. 625
0.633
0.638
D634
0.645
0.639
0.658
D.647
0.652
0.660
D.675
Je 644
0.683
0. 664
0.707
0.699
08.725
0.728
0.712
0743
0.751

F~HOT

0, 0000
0.0090
0. 0093
0.0092
0.0065
0.0100
0.0093
0.0087
0.0087
0.2097
0. 0094
0.0100

LJGa

0.990
2.167
2.063
2.014
24067
2.102
2.021
1.976
1.952
2.052
1.990
2.078



TE€T

FUN 099474%-1 xsx JISCRETE HOLE RIG *%% NAS-3-1433¢

UNCERTAINTY IN REX=2713¢.

x|

YALE= 26.38 DEC C UINF= 16.83 M/S
RHC= 1. 1lo0 KG/M3 VISC= 0.15751F~-04 M2/§
cp= 1317. J/KGK PAR= Ca718
*wk 27COSTEP3Y M=0.3 TH=1.25 F/D=5
FLATE X REX TO FEENTH
1 127.8 J.11263E 07 43.52 219)11%E
2 132.8 0.11806F 07 43.:54 0.2481l6F
2 137.9 J.12348E 07 43.%56 0a492E837E
4 143.0 0.12891% 07 43.58 0116225E
5 laB8a.l 0.134342 071 43.5¢ 0:23082c
& 153.2 0.13977E Q7 43.56 0429635E
7 158.2 0.14519€ 07 43.5¢ 0a36646E
B8 163.3 0.15062E 07 43.56 04427S1E
g 168.4 0D.15605E 07 43.56 0449262F
10 173.5 0.16148E 07 43.58 0iS55424E
11 178.6 0.16691E 07 43.58 0461993E
12 183.6 0.17223& 07 43.56 0i68119E
12 187.5 0.17646E 07 43,35 0474403€
14 199.1 0.17925E 07 43.12 0474701E
15 192.7 0.18205E 07 43.35 0.75016E
16 195.4 D.18486E 07 43.33 0475337€
17 198.0 0.13767E 07 43.:1 VIT566E4E
18 200.6 0.19046E 27 43,28 0s75996E
19 203.2 0.19326E 07 43.22 0476327E
20 205.8 0.19605E 07 43.:1 0176661E
21 20B8.5 0.1988SE 07 43.21 01 769S5E
22 21l.1 0.20164E 07 43,20 0477331E
23 21347 J.20444E D7 43.16 0377E£712E
24 216.3 0.,20725E 07 43.3265 047800GE
.25 218.9 0.21006E 07 43.22 0+78350E
26 221.6 0.21285E 07 43.03 0478700E
27 224.2 0.21565E 07 42.25 0179042E
28 22648 0.21844E 07 43.14 0179384E
25 229.4 0Q.22124E 07 43,03 QiT9732€
30 232.0 0.22403E 07 43.22 C1I180091E
31 234.6 0.22€83E 07 43.26 0i180457E
32 237.3 0.22964E 07 42.55 0i80825E
33 239.9 0.23245E 07 42,67 Ci81198E
34 242.5 0.23524F 07 42.73 0181567E
35 245.1 0.23804E 07 42.E¢€ 0481941E
3¢ 247.8 0.24083E 07 42.55 0.482322E

STANTON HUMBEP DATA

TINF= 26.76 DEG C

XVC=

STANTON NO

0.33205E-02
0.25029E-02
0.17805E-02
0.14718E-02
J«13638E-02
0.12920E-02
0.116718-02
0.11267E-02
0.10424E-02
0.102005-02
0.95258E-03
0.52813E-03
0.10153E-02
0.11118€-02
0.11349E-02
0.11577€-02
0.1183¢E-Q2
0.11823E-02
0.11855€8-02
0.12048£-02
0.11777E-02
0.12246E~02
0.12147E-02
0.11947E~02
0.123¢€8E~02
0.12627E~02
0.11854E-02
0.125€1E-02
0.1234Q€E-C2
0.1329€E-02
0.12862E-02
0.12422E-02
0.12226E-02
0.13139E-02
J.13651E~02
0. 12833E-02

22.4 CHM

DST
0.523E-04
Ce473E-04
0.436E-C4
0.424E-04
0.420E-04
0.418E-04
0e414E~-04
0.413E-04
0.411E-04
0.409E~04
0.4)8E-04
0.408E-04
0.352E~-04
0.426E-04
0.439E-04
0.440E-04
0.449E-04
C.450E-04
0.442E~-04
0.452E-04
0.447E-04
0.461E-04
0.454E-04
0.466E-04
0.468E-04
0.492E-04
0.422E-C4
0.500€-04
0.45TE-04
0.501E-04
0.490E-04
0.495E~04
0.500E-04
O« 480E-04
0.524E-04
0.566E-04

UNCERTAINTY IN F=£.05037 IN RATIOD

-

DREEN
1.
15.
27
35.
42.
48.
52.
57.
6le.
64 .
68.
Tl.
73.
3.
73.
13.
3.
73.
73.
73.
73.
73.
73,
73.
73.
73.
73.
73.
73.
73.
73.
73.
73.
73.
73.
73.

0.26
0.27
0.27
0.27
0.27
o. 25
0025
0,25
0.28
0.27
0.28

F

0.0084
0.0087
0.0086
0.0089
0.0088
0.0081
0.0081
0.0082
0.0091
0.0086
0.0090

T2

4T 446
48439
48163
48117
48212
47184
491321
48103
47123
47403
46493

THETA
1.234
1.288
1.300
1.275
1.271
1.255
1.336
1.266
1.217
1.205
1.200




.

AN

RUN (80174—-1 #*&x DISCRETE HCLE RIG **x NAS-3-1433¢

TADB= 25,96 DEG C U INF=
RHGC= 1.17¢& KG/M3 VISC= 0.1
ce= 1014. J/KGK PR=
sraeay 27T00STEP4Q M=0.4 TH=0
PLATE X RE X 10
1 127.8 0.114%1E 07 38.C0
é 1328 0.119932E 07 27.%¢
3 137.9 0.12544E 07 37.92
4 143.0 0.13C95E 07 37.%4
5 14801 0.13&47E 07 27.94
6 153.2 0.14188E 07 37.54
7 158.2 0.14750E 07 27.92
€ 163.3 0.15301E 07 37.52
9 168.4 0,15852E 07 37.658
10 173.5 0.16404E 07 37.%6
11 178.6 0.16955E 07 27.¢%8
12 183.6 0.17507E 07 38.02
12 187.5 0.17S26E 07 37.24
14 190.1 0.18210E 07 27.18
15 192.7 0.18494E 07 27.°%2
16 195.4 0.18779t 07 37.58
17 198.0 0.19064E 07 27.64
18 200.6 0,19348E 07 237.¢€2
16 203.2 0.19632E 07 327.60
20 205.8 J.1991&E 07 27.171
21 208.5 0.2V0200E 07 37.71
22 211l.1 0.20484E 27 27.El
23 213.7 0.20768€ 07 37.77
24 :16.3 0.,21053E 07 37,50
25 218.9 0s21239€E 07 37.E3
26 Z221l.6 0.21623E 07 Z7.87
27 22442 D.21907E 27 327.%4
28 226.8 0.22191E 07 37.89
29 229.4 0.22475E 07 =:27.1°%
30 232.0 0.22758E 07 38.10
31 234.6 0.23042E 07 28.06
32 237.3 0.23328E 07 27.96
32 239.9 0.23€13E 07 37.52
34 242.5 0.23897E 07 27.t6
35 245.1 0.24181E 07 237.87
3€ 2478 0.244€5E J7 :=27.%8

UNCERTAINTY Il REX=275¢¢,

15,87 M/S
€E3GE~04 M2/

0:716
P/D=5 3% &
REENTH
0:992311E
0:28488E
0464418
0:65318¢E
0s83096E
0:10028¢
C311742E
0sl3511t
0315257E
03L6GT6E
03185666E
0L20335E
0321639E
0:222G8E
0422G31€E
0323548E
0a24151E
0+247432€
03253223E
0:25892E
0-26483E
0527002E
0827539E
0528071F
C.2B60Q7E
C:29142¢
01296858
0:30237E
043074SE
0.3126¢EE
0.31783E
0.322968E
0032811€
0533322
G.33836E
C134343€

<
-

T INF=
Xvi=

E.E3
22.4

STANTCN NO
2 2€022E-02
0.,31286E-02
0.,26735E-02
0.,28453E-02
0.27321E-02
002€999E-02
0.2£706E-02
0.2€6193E-02
0.256S4E-02
0.25639E-02
0.28255E-02
0.23908E-02
0.23811E-02
0. 22544%-02
0.21989E~02
0.21435~-02
0.20975€E-02
0.2C677€-02
0.2C088E~-02
0. 15945€-02
0.16567=-02
0.1G05€6E-02
0. lE680E-02
0.,18785E-02
0.1€69C55-02
0.1€730%-02
0.2C182E-C2
0.17923F-02
0,18)99E-02
0.18253E-02
D lELT3E-02
0.17999E-02
0.180€67E~-02
0.17971E-C2
0,18070F-02
0.,176325-02

STANTCN NUMBER DATA

DEG C
cM

csT
0.713E~04
0e6T7E-04
0.6675-04
D.65TE~04
0.649E-04
0.64TE-04
0.646E~04
0.642E-04
0.636E~04
0.636E~-04
0.633E-04
0.622E~04
0.820E-04
0.B818F~0¢4
0.808E-04
0.780E~04
0.768E-0%
0.757E-04
0.729E~04
0.730E-04%
0,713E-04
0.710E~0%
0.688E~04
0.706E-04
0.697E-~04
0.707E~-0C4
0.725E~0%
0.685E-04
0.658E~04
0.693E-04
0.67TE-04
0.673F-04
0.680E-04
0.654E-04
0.6%9E-04
0.749E-04

UNCERTAINTY IN F=0.0583325 IN RATIO

DREEN

2,
10.
17°
21,
25,
28,
316
34,
37.
39,
41,
43,
44,
44,
44,
4b o
440
44,
1’49
44,
44,
44,
443
44 o
440
44,
4% o
44.
44,
44 .
44‘
44,
44,
l’lfo
44,
45,

M

0.42
0.40
Vo4l
0.40
0.49
0.40
0.41
0.40
0. 40
0.40
0.39

£

0.0135
0.0129
0.0133
0.0129
0.0131
0.0129
0.0132
0.0130
0.0129
0.0129
0.0128

T2

26302
2631
26323
26521
26523
26336
26436
26335
2632
26137
26136

THETA

0,015
0.040
0.033
0.031
0.032
0.044
0,043
0.042
0.040
0.044
0,043

DTH

0.026
0.025
0,025
0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.025



EE€T

RUN

0B80174-2 *s% DISCRETE HCLE RIC **x NAS-3-14336

TACB= 27.38 DEG C
1.169 KG/HM3
1015+ J/KGK

RHO=

cp=

k&

PLATE

-
GG~ WD) A

L N
UR Ve

14

UINF=
VISC= 0.15668E-04 M2/S

PR=

27CISTEP4Y  M=D.4 TH=1
X REX TC

127.8 0.113Y02 07 43.52
132.8 0.11855E 07 43.52
137.9 0.12400F 07 43.%¢
143,0 0.129458 07 43,58
148.1 J.13493E 37 43.58
153.2 V140356 07 43.58
158.2 J.14580E 07 43.60
163.3 0.15125€ 07 43.¢0
168.4 J.15€73€ 07 43.:8
173.5 0.16215E 07 43.56
178.6 0.167608 07 43.54
183.6 04173055 07 43.%4
167.5 0.17719E 07 42.55
199.1 0.18009E 07 42.78
192.7 0.18281E 07 43.C5
195.4 0.1B563E 27- 43.05
168.0 0.18845E 07 43.05
209.6 0.19126E 07 43.03
203.2 0.19406E 07 43.C1
205.8 0415687 07 43.12
208.5 0.19968% 07 43.CS
211.1 0.20248E 07 43.0%
Z13.7 3.23526E 07  ¢2.C7
216.3 0.20B811F 07 432.18
218.9 0.Z1093E 07 43.11
22146 0421374E 07 43.03
224.2 0.Z1655E 371 42.82
226.8 0.21935E 07 43.0S
229.4 0.22216% 07 42.%4
232.0 0.22457E 07 42.18
234.6 GC.22777F 07 43.18
237.3 G.23059E 07 42.5S
239.9 0.23341E 07 42.55
242.5 0.23622E I7 42.73
245.1 0.23903E 07 42.86
247.8 D.241B4F 07 42.%5¢

UNCERTAINTY IN REX=27252.

1é€.81 M/S

04716
P/D=5

FCeNTH
C.8%313€
0325Z211E
C.98511F
0.17150¢
J424704E
C.31782E
0438931k
0e45846E
€.52817¢E
0459519¢
0.65787E
0472131F
0.779G:E
Ce78341F
0+78692E
€i79043E
0,793G62¢
0s75741¢
0.80084%
0480424
C.8J7¢62E
0.81102¢
04381431E
0.81770F
C432105E
048244¢F
G4828J3E
0.83152¢
(.83482E
C.B3822E
0484168t
0aB8451¢6E
0.84867E
(048521¢C
U s85568E
0485922E

L dl

TINF=
Xve=

27.26
224

STARNTCN ND

0.227738-02
0e26963K-02
Ja2203€E-02
0.18070E-02
0.1€427E-02
0.15277£-02
0.146598-02
0.144£4F-02
J.138128-02
0.12841E~-C2
J.121258-02
0.127€4E~C2
0.12214E~-02
0.12471E~C2
D41246G€€-02
Vel12456E-02
0.12449E-02
0.12329E-922
0.1¢121E~-Q2
Je12066E-02
0.120&12-C2
0.12038E~02
0.11802£-02
0.11921£-02
0.11933&-02
0.12354E~02
Je13043E-02
0.11748£-02
J.11810E~02
0.123€7%-02
0.12255%~02
0.12455E~-02
0.12546E-02
0.12330E~02
0.12718E-02
0.1247€E-02

STANTON NUMBER DATA

J8G C
cv

DST
0.532F-C4
0.4935=04%
Da467E-04
0.448E-04
Je441E-0%
0.436E-C4
DVe433E-04
0.423E-04
D.4318=-04
0.430E-C4
0,429E-04
0.428E-04
0.446E=04
0.471E-04
0.479E-04
Ue471E-04
0.471€E-04
0.468E-04
0.454E~04
0.457E=-04
0.455E-04
0.461E-04
0.4506-04
0.464E-04
0.458E~04
N.474E-C4
Q.48B3E-04
0.462E~04
Ne442E-04
0.479E-04
0.472E=-04
0.473€E-04
0.480F=04
0.459E-04
0.501E-04
0.540E-04

UNCERTAINTY IN F=0,.05036 IN RATIO

DREEN
2'
17.
29.
38,
45 .
51.
57 .
€l.
66
69.
3.
T6.
77.
77.
7.
77
7.
7.
77‘
77.
7.
7.
77.
17.
T7.
7.
7.
17.
7.
7.
7.
17
7.
7.
11.
T7.

N

7.38
0.37
0. 37
0.37
0. 38
0.37
0.36
J.37
V.36
J.38
De37

[

0.0124
0.0118
0.0121
0.0119
0.0122
0.0120
0.0118
0.0118
0.0117
%.0123
0.0119

T2

41175
42495
43368
42493
42186
42350
43.07
42432
4l.41
41305
40.52

THETA

0.886
0.963
1.006
0.960
0.956
0.933
0.968
0.923
0.868
0.847
0.814

DTH

0.9
0.019
0.01%
J.019
0.019
0.016
0.019
0,019
0.019
N.019
0.018



HET

RUN  08U174-1 wéx DISCRITE HCLF RIG *wx NAS-3-1433¢ STANTON WUMRER DATA
#%%  2700STEP40 M=C.4  TH=C P/0=5  *¥=

RUN  080174-2 #x%x CISCRETE HCLE RIE *w% NAS-3-1433¢ STANTON NUMBFR DATA
=x%  27005TEP4) ¥=C.4 TH=1 P/C=5  wi«

LINEAR SUPERPOSITUAN IS APPLIED TC STANTON NUMEZP [ATA FROM
RUN NUMBERS Q80L74-1 AND (C80174-2 10 OBTAIN STANTCN ALMBER MATA AT TH=0 AND TH=]

FLATE  REXCOL RE DEL2 3T( TH=0) REXHOT RE DEL2  ST(TH=1) ETA STCR e-nCL ST F-HOT L163
1 1144127.0 $9.3 J.003¢02 11209€2.0 89.3 0.003277 UUUUJ 1.028  0.0000 0.935  0.2000 0.936
2 1199266.0 235.1 0.303136 1185467.0 250.6 0.002640 0.158 0.825 0.0135 04543  0.012% 2548
3 1254495.9 454.2 0.002SS7 1239971.0 1057.3 0.002139 0.286 0.883 0.0129 0.812 0.0118 2.39%
4 13095440 €l6.3 0.C02BE5 12S4475.0 1808.5 C.0C179C 0.380 0.915  0.0133 0.709  0.0121  2.334
5 1364€82.0 772.2 23.€02770 1348979.0 2559.3 0.971623 J.414 0.925  9.9129 0.663  0.0119 2.291
6 1419821.0 S24.1 0.002740 1403484.0 3290.8 0.001475 0.462 0.960 0.0131 0.619  0.0122 2.293
7 147456C.0 1074.7 0.002722 145798842 4931.6 Q,09L392 0:489 .989 0.0129 0.597  0.212)  2.277
8 1530098.0 1223.5 0.C0Z67% 1512452.0 4763.4 0483 1.004 0.0132 0.605 0.2118 2.284
9 1585237.0 1369.7 0.002626 156659640 5477.4 (.001309 0,501 1.012  0.0130 0.582 0.0118 2.283

19 1640376.0 1514.3 0.€02¢23 1621500.0 €191.2 C.C01206 0.540 1.03¢& 0.0129 0.545 0.0117 2.231
11 1695514.0 1658.0 Q 88 1676005.0 €892.4 (€.001101 0.575 1.045 0.0129 0.504 0.0123 2.258
12 1750¢52.9 1767.0 [0.00:453] 173¢5C5.0 1622.3 0.001035 0.575 1.010 0.0128 0.482 0.0119 2.193
13 1792559.0 1899.3 0.C02445 1771932.0 £314.1 C.000684 0.598 1.021 0.461

14 1820555.0 1966.9 J.€02210 18000322 8342.4 0.701030 0.554 0.973 0.486

15 1£49351.0 2031.8 0.002252 1828072.0 €371.6 0.001045 0.536 0.957 0.496

16 1£77885.0 2095.0 3.0021S3 1856277.0 B401.1 0.901052 0.520 9.94) €.5932

17 1506420.0 2156 .6 0.002145 1884483.0 8430.8 0.00L061 0.505 0.927 0.509

18 193481¢.0 2217.2 0.002114 1912553.0 £460.5 0.001052 0.532 0.92) 0.537

19 1963213.0 2276.4 0.€02053 1940623.0 £469.S 0.001041 0.493 0.500 0.504

20 1591609.0 2334.6 0.002038 1968692.0 £516.1 0.001037 04491 0.900 0.505

21 2020006.0 . 2392.0 0.601658 1656762.0 €548.3 0.001045 0.477 0.889 8.511

22 2048402.0 2448.0 0.001645 2024832.0 £577.8 0.001053 0.459 0.871 0.518

23 2076799.0 2502.8 0.001606 2052902.0 8607.1 0.001032 04459 0.859 6.510

24 2105332.0 2557.1 0.001917 2081107.0 €636.3 C.001044 0i455 0.869 0.518

25 2133867.0 2€11.8 0.001929 2109313.0 B665.6 0.001344 04459 J.880 0.529

26 2162263.0 2666 .3 0.£019C8 2137383.0 8665.7 €.001058 04425 0.876 0.550

27 2190660.0 2722.7 0.002058 216545240 87273 0.001151 04441 0.95) 0.578

28 2219056.0 2777.9 0.£01827 2193522.0 £758.1 0.001042 0.430 0.848 0.526

29 2247453.0 2830.1 0.001845 2221592.0 8787.5 0.001046 04433 J.8¢l 8.530

30 2275649.0 2882.7 0.001658 2249662.0 £817.8 0.001110 0i403 0.872 0.565

21 2304246.0 2935.5 0.C01850 2277732.0 £848.8 C.001098 0.406 0.873 0.561

32 2332780.0 298%.8 0.001831 2305937.0 £880.0 0.001126 0.385 0.868 0.577 -

33 2361314.0 3039.9 0.001840 2334143.0 8911.8 0.001135 0.383 0.877 0.584

34 2389710.0 3062.1 0.001828 2362213.0 8943.4 0.001112 0.392 0.876 8.574

35 2418107.0 3144.2 0.001837 2390282.0 £975.2 0.001157 04370 0.884 6.599

26  2446503.0 3195.8 0.001792 2418352.0 S007.5 0.001137 04366 0.866 0.591

STANTON NUMBER RATIC BASED ON ST*PRER(,.4520.0295*REXER{=,2) (1= (XI/(X=XVO})**¥0.9)%%(~1,./9.)

STANTON NUMBER RATIO FOR TH=l IS CENVERTED TO COMPARABLE TRANSPIRATION VALUE
LSING ALOG(1 + B)/8 EXPRESSICN IN THE BLOWN SECTIGN



GET

RUN 080574

TINF=
Xvgs=

27 .54
22.%

STANTON NO
0.34398£-02
0.31364E-02
0.21420€E-02
0.3C325E-Q2
0.28958E=-02
0.2E067E-0Q2
0.28003E-02
0.27594E-02
0.270E7E-02
2.27237€6-02
0.2681 EE-02
0.26299:-02
0.259508€E-02
0.23908E-02
0.23442E-02
0.22582E-02
0.21968€E-02
0.21509E~02
0.20806E-02
0.20593E-02
0.20161E-02
0.15665E-02
0.15047%-02
0.16103E-02
0.1E755E8-02
VU.1€8015-02
0.20045E8-02
U.17813E-02
D.17755E-02
J.17793E-02
0.174635-02
Ja17368€-02
0.17321E-02
0.17139E-02
0.171 74F-02

**% DISCRETE HOLE RIG *%* NAS~-3-1433¢
TACB= 27.67 DEG C UINF= 17.12 M/$
FHO¥ 1.168 KG/M3 VISC= 0.15659E-04 M2/S
Cps 1015. - J/KGK PR= 04716
ok ok 2TO0STEP6D" M=0.6 TH=0 P/D=5 *kk
PLATE X REX TO- REENTH
1 127.8 0.11497E 07 39.29 04952 95E
2 132.8 0.12051E 07 39.37 0427748t
2 137.9 0.12605E 07 29.37 Ci51479E
4 143.0 0.13159E 07 29.:39 (376200€
5 148.1 0.13713E 07 39.39 0.10006E
6 153.2 0.14267E 07 29.:¢ 0412291E
7 158.2 0.14821E 07 39.41 0114655E
8 163.3 0.15375E 07 29.39 0i17120€
9 168.4 0.15929E 07 39.39 0il19611E
10 173.5 0.16484E 07 29.36 0422142€
11 178.6 0.17038E 07 39,37 0424621E
12 183.6 0.17592E 07 :9.39 0L27276E
12 187.5 0.18013E 07 28.€9 £42952¢E
14 190.1 0.1828EE 07 38.S5 0i430241E
15 192.7 0.18583E 07 39.2¢% 0430S18E
1€ 1S55.4 0.18870E 07 39.37 04i315175E
17 198.0 0.19157E 07 329,46 0432211E
18 200.6 0.19442E 07 329.48 0432832E
19 203.2 0.19728E 27 25.EC C433437E
20 205.8 0.20013E 07 39.62 0.34028E
21 208.5 0.202G€F 07 1329.¢0 04i34610F
22 211.1 0.20584E 07 39.6S 0435179E
23 Z213.7 0.2C869E 07 39.¢&7 Ca35732E
24 216.3 0.21156E Q7 36.€E1 0.362T17¢
25 218.9 0.21442E 07 :5.79 0s36818E
26 221.6 0.2172BE 07 29,E2 0s37354C
27 224.2 0.22013E 07 39.48 0,37909E
28 22€.8 0.22298E 07 29.°92 C.38450E
25 229.4 0.22584E 07 39.73 0.38958E
30 232.0 0.22869E 07 4J.11 04i394¢€6E
31 234.6 0.23155E 07 40.11 043997CQC
3¢ 237.3 0.23441E 07 39.68 0.40468E
33 239.9 0.23728E 07 29.¢%% 0i409¢€:E
34 242.5 0.24013E 07 29,171 C«41455E
35 245.1 0.24299E 0T 29.62 Ciel S4€E
3€ 247.8 0D.24584E 07 35.6€5 04424 29E

UNCERTAINTY IN REX=277(3.

0.1€6£4E-02

STANTON NUMBER DATA

DEG C
CM

DSTY
0.712E-04
0.689E-04
0.689E~04
0.680E-04
0.670E-04
0.663E-04
0.661F-04
0.659E-04
0.656€-04
0.65TE~-04
0.655€-04
0.650E~04
0.900E-04
0.B866E-04
0.855E-04
0.816E-04
J.799E-04
0.782E-04
0.752€E-04
0.750E-04
0.731E-04
0.727E-04
0.699E-04
0.712E-04
0.652E~04
0.708€-04
0.715E-04
0.683E-04
0.643E~04
0.676E-04
0.656E-04
0.649E-04
0.652E~04
0.627E-04
0.66TE-04
0.711€-04

UMCERTAINTY IN F=Q.32)34 IM RATIO

DREEN
2.
14.
24,
31.
36.
41,
45.
49 .
53.
56a
60.
63.
64.
64.
64.
64,
64.
b4 .
64‘
b4,
64 ..
64.
64.
64 .
64.
64'
64,
64,
64.
64.
65.
65.
65.
65.
65
bs.

M

0.58
o. 58
0.57
0.56
0.58
0.59
0.58
0.57
0.57
0.57
0.57

F

0.0189
0.0188
0.0184
0.0181
0.0189
0.0189
0.0189
0.0186
0.0185
0.0186
0.0186

T2 THETA

28426
28a 41
28441
28438
28146
28159
28365
28372

0.060
0.073
0.073
0.070
0.077
0.088
0.093
0.100
28468 0.096
28490 0.115
28487 0.112

OTH

D026
0.026
0.026

0.026

0.026
0.026
0.026
0.026
0.026
0.026
0.026

R



9¢T

RUN

081174-1 %x*x DISCRETE HCLE RIE %%k NAS-3-14336

TAOB= 26.9C DEG C
1.167 KG/M3

RHO=

CP=

sk &

FLATE

1

WO HWIN

1015+ J/KGK PR=
2TOOSTEP60 M=0.6 TH=1
X RE X TO
127.8 0.11473E 07 40.70
132.8 0.12026E 07 40.¢€8
137.9 0.1257%E 07 40.68
143.0 0.13132£ 07 40.70
148.1 0.13684E 07 40.170
153.2 0.14237€ 07 40.170
158.2 0.14780E 07 40.72
163.3 0.15343E 07 40.70
168.4 0.15896E 07 40.70
173.5 0.16449FE 07 40.68
178.6 0.17002E 07 40.¢&8
183.6 J.17555E 07 40.¢8
187.5 O0.17975€ 07 40.26
199.1 0.18260€E 07 40.24
192.7 0.18545E 07 40.55
195.4 0.18831E 07 40.°%8
198.0 0.19117E 07 40.¢4
200.6 0.19402E 07 40.64
20342 0.19686E 07 40.¢€4
205.8 0.19971E 07 40.77
208.5 0.2)256E 07 40.17
2111 0.20541E 07 40.81
213.7 0.20825E 97 40.179
21643 0.21111E€ 07 40.693
218.9 0.21358E 07 40.89
221.6 0.21682E 07 40.89
2242 0.219567E 07 40.68
22648 0.222528 07 40.68
229.4 0.22537F 07 40.85
232.0 0.22B21E 07 41.12
23446 0.23106E 07 41.10
¢37.3 0.23392€ 07 4J3.¢8
239.9 0.23678E 07 40.%4
242.5 0.23963E 07 40.16
245.1 0.2424EE 07 40485
24748 0.24533E 07 40.¢4

UINF=

12.05 M/S

VISC= 0.156€69E-04 M2/S

UNCERTAINTY IN REX=27645,

04717

P/LCa5 Kk ok
REENTH
0i92461E
Ci2611€E
0i11936E
0i21262E
0.30887E
0i40281E
0i49838E
0.59837E
0169457¢E
0.78896E
0.87937E
Q197040E
0:10579¢E
0110620
0410660
0.106G8E
0420736E
0s10774E
0110810t
0.10846E
0410881E
0410915k
J3:10948E
0410982E
0411014E
0.i11048E
CillQB1E
Qel1114E
Qelll46F
0¢11177€
0,11209E
0411240€
04i11272E
0.11303E
0411335k
Qi111366E

TINF= 26.77
XVv0= 22+4
STANTON NO

0.32445E~-02
0.27586E-02
0.25335€E-02
0.21633E-02
0.15505E-02
0.1E043E-02
0.17563E-02
0.16617E-02
0.1£815E-02
Del515¢€E-02
0. 14745E-02
0.14402E-02
0. 1447 3E-02
0.13952E-02
0.13762E-02
0.13485€E-02
J.13185€E-02
0.12957€-02
0.12602E-02
0.124385-02
0.12085E-02
0.11851E-02
0.11629E-02
0.115€6¢€E-02
J.11534E-02
0.1165CE-02
0.12120€E-02
0.11082E-02
0.10917E-02
0.11172€E-02
0.11051€E-02
J.11001E-02
0.11097€~-02
0.1C909E-02
0.11050E-0C2
0.106€4E-02

STANTCN NUMBER DATA

DEG C
CM

DSY

0.609E-04
0.569E-04
0.555E-04
0.533E-04
0.522E-04
0.515E-04
0.5128-04
0.508E-04
0.505€-04
0.503E-04
0.501E-04
0.500E-04
0.523E-04
0.534E-04
0.530E-04
0.5136-04
0.506E-04
0.459E=04
0.479E-04
0.479E-04
0.466E=04
0.469E~04
0.456 E-04
0.466E-04
0.456E-04
0.466E=-04
0.465E~04
0,454 E-04
044 26 E=04
0.456E-04
0.444E-04
0.443E-04
0.446E~04
0.427E-04
0.462E-04
0.491E~04

UNCERTAINTY IN F=0.05034 IN RATIO

DREEN
2.
23.
39,
51.
6l.
T70.
78.
85.
92.
98.
103.
108.
111.
111.
111.
111.
111.
11l1.
111.
ill.
111.
111.
111.
111.
111.
111.
1i1.
111.
111.
111.
111.
111.
111.
111.
iil.
111.

M

0.53
0.53
0.53
0.52
0.52
0.53
J.53
0.51
J.51
0.52
0.52

[

0.0173
0.0171
0.0171
0.0168
0.0170
0.0172
0.0172
0.0166
0.0164
0.0168
0.016%

T2

38123
38456
39425
39429
39349
39164
404,02
39,80
39436
39,22
38491

THET A

0.824
0.848
0.896
0.899
0.913
0.922
0.951
0.935
0.905
0.895
0.873

DTH

0.022
0.022
0.022
0.022
0.022
0.022
0.022
0.022
0.022
0.022
0.022



LfT

RUN 080574

E 22

2700STEPOD

=kx DISCRETE HCLE RIG *%x NAS-3-14236

STANTON NWMBER DATA

¥=C.6 TH=0 P/D=5

RUN 081174-1 »xx DISCRETE HCLF RIG *#x NAS-3-1433¢

we ke

2700STEPS)

¥=0.6 TH

STANTON

=l P/D=5

LINEAR SUPERPCSITICN IS APPLTIEL TO STANTON NUMBER DATA FROM

FUN NUMBERS Q83574

PLATE REXCOL

1149€92.0
1205099.0
12605C6.0
1215912.0
12713220. 0
1426727.0
1482134.0
153749.9
1592647.0
1) 164835443
11 1703761.0
12 1759168.0
13 1801277.0
14 1£829€12.0
15 1853346.0
16 1EET0LG.0
17 1€15692.0
18 1944227.0
19 1672761.9
20 2CQl25¢.0
¢l 2025831.0
22 2353365.0
23 2C86S0J3.V
24 2115573.0
25 Z2l4424¢.)
26 2172780.0
g7 2201315.0
28 2223849.0
29 2258384.0
3) 22866515.0
31 2315453.0
z 2:44126.0
33 227215S.0
24 2401334.0
35 ¢429888.0
36 2458403.3

VDN WN

STANTCN NUMBER RATIO BASECL ON STX*PR&%(,4=0.0295%REXk* (~, 2} X (1o={XI/(X=XVO)) ¥%0,0)%x{~1./9.}

STEMTON KJUMRER RATIQ FOR TH=1
USING ALCGI1 + B)/b6 EXPRESSICM IN

RE DEL2

$5.3

278.3
454 .5
£29.3

798.1

$60.9
1121.6
12817
1440 0
1598.1
175642
1912.7
2029.9
2105.6
2177 .4
224741
2314 .5
238042
2444 .2
250647
2568 .4
262846
2687.1
21447
2801.9
255846
2917.2
257444
3028.1
3€81.7
3134.3
2187.3
3239.5
2261.4
3343.9
3393.9

AND C81174-1 10 OBTAIN

ST{TH=0}

0.002440
0.003166
0.002195
J.C02112
0.C02682
0.C02896
0.002904
0.€02877
0.C02€37
J.C02¢e€7
0028
0. €02805]
0.0027¢€4
0.002538
0.0C2487
0.002362
0.002226
0.002276
0.€0z202
0.C02118
0.00z12¢
0.€02081
J.C02014
J. 002021
J.C01682
0.00168¢6
0.002121
0.CC1880
0.C01876
0.C01877
0.€01844
J.C01E31
0.C01824
0.C01606
0.6018C8
J.CC1785

RE XHOT

114728440
120257440
1257565.0
121215¢€.0
1368447 ,0
1423738.0
147902840
15243219.)
15896 10.0
16445910
1700192.0
1755482.0
17750340
182597840
1854452,0
188306640
1511€79.0
1540153.0
1568628.0
1957103.0
202557840
20540532.0
2082527.0
2111140.0
2135753.
2168228.0
215¢703.0
2225177.0
2253652.0
22821270
231060240
23392150
236782840
2396302.0
2424777.0
24£3252.0

RE CEL2

82.5
258.8
1353.1
2422.4
3476.C
4503.C
5634.1
€5172.5
1606.¢€
EoD4.4
C5E6.6
13585.4
1157¢2.1
116C€8.0
11€43.3
11678, 1
11712.2
11745.¢
1ir7€.7
11810.59
11842.4
11873.1
116C3.4
11933,:
119€3.1
11993.C
1232341
120£3.¢
1208z.1
12110.6
12136.5
121668.2
12167.0
12225.7
12254.3
12282.1

STANTCN NUMBER DATA AT

ST(TH=1}

0.00324¢&
0.002671
04322434
0.C02024
C.001832
€.001691
0.001654
0.001580
C.00150¢
0.071395
0.0J1323
0.7)12¢1
C.C0L274
C.001245
€.001230
0.001211
C.00l186
Q.9J)1167
0.001137
C.001121
0.n31087
C.001072
C.001051
0.001045
722145
0.001057
0.)110932
C.001007
€.J0068¢
0.001017
C.001008
C.0Ul004
C.JUuldle6
G.000¢37
C.00l012
€.0300876

wre

E S X

NUMBER DATA

TH=0 AND TH=1

ETA

Uuyuuy
0.156
D248
0e350
0.385
0415
0,431
0.451
04469
J.512
04534
D550
04539
0.509
04595
0.494
0.490
Je487
0.484
0.486
0.491
0.485
U473
0,483
Ys473
044638
)a485
0.465
04473
04453
De453
04451
0.443
04443
04440
0:%4%

STCR

0.982
0.834
0942
0.989
1.002
1.016
1.057
1.081
1.095
1.134
1.149
1.157
1.156
1.071
1.058
1.027
1.006
De992
0.967
0.964
0.951
0,933
0.999
0.918
00906
0.913
0.981
V.874%
0.877
0.382
0.871
0.869
0.870
0.866
0.871
0.849

IS CONVERTED TO CCMPARABLE TRANSPIRATION VALUE
THE BLOWN SECT ION

F-CoL

0.0020
0.0189
0.01€8
0.0184
0.0181
0.0189
0.0189
0.0189
0.0186
0.0185
0.0186
0.0186

STHR

0.955
0.958
0. 516
0.804
0.751
0.712
0.711
D.693
0,672
0,634
0.608
0.587
0.599
0. 589
0.585
0.580
G.571
0.565
0.553
0. 548
0.534
0.529
0.521
0.521
0.522
0.531
0.551
0.510
0.5923
0.519
0.517
0.517
8,525
0.517
0.527
0.509

=-HOT

0.0000
0.0173
2.0171
0.0171
Je 0168
0.0170
0.0172
0,0172
0. 2165
0.0164
0.2168
Q0. 3169

.36%

0. 955
3.079
3.115
3.027
2.972
2.975
3.037
3.042
2978
2.922
24947
2.950

At )



gET

RUN 081574=~1 w** DISCRETE HOLE RJIE *%% NAS-3<]14335

TACB= 26.88 DEC C UINF= 17.12 M/S
RHO® 1,166 KG/M3 VISC= 0.15689E-04 M2/S
CpP= 1015. J/KGK PR= 04717
ek 27Q00STEPT5 M=0.75 TH=0 F/E€=5 k%
PLATE X REX T0 REENTH
1 127.8 0.11504E 07 27.22 0499736E 02
"2 132.8 0.12058E Q7 37.16 0428746E 03
'3 137.9 0.12613E 07 37.22 0446340E 03
.4 143.0 0.13167E 07 37.24 Gi66733E 03
.5 148.1 0.13722E 07 37.24 0i86954E 02
6 153.2 0.14276E 07 27.22 'Cil0618E 04
7 158.2 0.14831E 07 37.22 0i12546E 04
8 1633 0.15385E 07 37.:24 0414591E 04
9 168.4 0.15939E 07 37.22 0i16691FE D4
10 173.5 0.16494E 07 27.24 Q418718 04
11 178.6 0.l7048F 07 37.20 Q0420€81E 04
1z 183.6 0.17603E 07 37.:24 0122668E 04
L3 187.5 0.18024E 07 36.46 0424212E 04
14 190.1 0.18B310€ 07 326.42 €3125023E 04
15 192.7 O0.18595E 07 326.80 0i257G5E 04
1€ 195.4 0.18882E 07 36.88 0i26539E 04
17 198.0 O0.19189E 07 36.655 Cl12T7262E 04
18 200.6 0.19454F 07 'B6.55 0127969E 04
16 203.2 0.19740E 07 26.$7 Q128657E 04
20 205.8 (0.20025E 07 237.07 0i29333E 04
21 208.5 (0.20311E 07 27.(5 0429997E 04
22 211.1 0.20586E 07 37.16 0430641E 04
22 213.7 0.20882E 07 27.11 0431272 04
24 21603 0.21169E 07 27.26 0431898E 04
25 218.9 0.2145¢E 07 27.24 0432519E 04
26 221.6 0.21741E 07 37.26 031334132 04
27 224.2 0.22027E 07 26.53 0433 7¢3E 04
28 22648 0.22212E 07 37.29 0i34377E 04
29 229.4 0.22598E 07 27.22 0i34953E 04
30 232.0 0.22883E 07 327.58 0435827 04
31 234.6 0.23169E 07 37.58 0436095E 04
32 237.3 0.23456E 07 21.49 0436651 04
33 239.9 0.23743E 07 37.47 0437202 04
34 c¢42.5 0.2402€E 07 27.24 QI37747E 04
35 245.1 0.24314E 07 37.45 0438285E 04
36 247.8 (Q.24589E 07 37.22 0a3881l1E 04

UNCERTAINTY IN REX=27721.

TINF=
XVQ=

26,75
22.4

STANTCN NO
0.35979E-02
0.31736E-02
0.33393E~02
0.23265E-02
0.31859E-02
0.31288€E-02
0.21096E-02
0.30245E-02
0.30375E-02
0.30270E-02
0.30427E~02
0.29212E-02
0. 29245E-02
0.274 E5E-02
0.2£6504E-02
0.255766-02
0.24965E-02
0.24527€-02
0.22623E-02
0.23613E-02
0.22860E-02
0.22222E-02
0.21890€-02
0.218$8E-02
0.21542E-02
0.21409E-02
0.22711E-02
0.20226E-02
0.20090E-02
0.2C086E-02
0.15604E-02
0.16318E-02
0.16223E-02
0.18932E-02
0.18710E-02
0.18)61E=-02

STANTCN NUMBER

DEG C
CM

DST
0.815E-04
0.781E-04
0.791E-04
0. 789E-04
0.77TE~-04
0.773E-04
0.772E-04
0.763E-04
0.766E-04
0.763E-04
0.767E-04
0.755 =04
0.102E-03
0.101E-03
0.984E~04
0.940E-04
0.922€E-04
0.905E-04
0.867E-04
0.871E-04
0.841E-04
0.836E~04
0.812E-04
0.828E-04
0.806 E~04
0.825€E-04
0.786E-04
0.739E-04
0.772E-04
0.744E-04
0.734E-04
0.736E-04
0.705 E-04
0.740E-04
Ve T79E~04

UNCERTAINTY IN F=0.05034 IN RATIO

DREEN
2
21.
36.
46.
54.
62.

- 68.

T4.
79.
B4.
89.
Ghe
96 .
96.
96.
96.
96.
96.
96.
96.
96.
96.
96.
96.
96.
G6.
96.
96.
96.
96,
96.
9.
96.
95
96 .
9% .

DATA

0.77
0.76
0.77
0.76
0.76
0.76
0.77
0.76
0.76
0.75
0.77

£

0.0250
0.0245
0.0250
0.0246
0.0247
0.0246
0.0251
0.0246
0.0247
Q. 0244
0.0251

T2 THETA
26.72-0.003

26190 0.014 -

26492
26489
26391
27302
27,07
27402
26497
27401
26399

0.01¢6
0.013
0.014
0.025
0.030
0.025
0.020
0.025
0.023

OTH

0.030
0.030
0.030
0.030
0.030
0.030
0.029
0.030
0.030
0.030
0. 029



6ET

RUN 0815742 *x% DISCRETE

TADB= 27.84 DEG C
RHO= 1.162 KG/M3
cP= 1015. J/KGK
¥k 4 2700STEP75
PLATE X REX
1 127.8 0.11453E
é 132.8 0.12085€
3 137.9 0.12E87E
4 143.0 0.13189E
5 148.1 0.136blE
6 153.2 0.14213E
8 163.3 0.15317E
9 168.4 0.15865E
16 173.5 0.16421E
11 17846 0.16S73E
12 183.6 0.17525E
12 187.5 0.179%4E
14 190.1 0.18228E
15 192.7 0.18513E
16 165.4 0.18798E
17 1S8.0 0.19C84E
18 200.6 0.193¢£8E
15 203.2 0.19653E
20 205.8 90.199317E
21 208.5 0.20221E
22 2ll.1 0.20505E
23 213.7 0.20790E
24 216.3 (0.21075E
25 . 218.9 0.21361E
26 221l.6 (0.21€4%5E
27 224.2 0.21929¢ .
28 226.8 0.22214E
29 229.4 (0.224S8E
30 232.0 0,22782E
31 234.6 (.23086E
32 23743 0.23352E
33 239.9 0.23€38E
34 242.5 0.23922E
35 245.1 0.24286F
3¢

2417.8

424490

UINF=

ViISC=
PR=

M=0.75 TH=1

TO
40. 28
40.26
40.28
40.28
40.28
40.26
40.28
40426
40.28
40.26
40. 30
40.30
29. 44
39.21
3%.¢4
29.£9
39.75
39,717
39.178
29.64
39.52
29.%4
39.54
40. 0S
40.CS
40,00
35.82
40.15
40.00
40.28
40, 28
40417
40.15
29.468
40.13
39.62

UNCERTAINTY IN REX=2175G¢.

17.14 M/S
0.15776E-04 M2/S

0s717
P/D=5

REENTH
0492838
034262S7E
04l6858E
03130314E
0144256
045 T862E
0471236E
0184462E
€i97825E
0s11030E
0412222E
0i13308¢E
0il4352E
041439GE
03144%6E
0al44SCE
0114533E
Cs14575E
0s145616E
0414656
0.14685E
0il4732E
0414769E
0414805E
0414 840F
0414876E
0.14S12E
0414S47€E
0414980E
0.15013E
C.15046E
0il5G78E
0i15111E
0il5143E
0415174E
Cil5205E

k%

HCLE RIE *%* NAS-3-14336

STANTON NUMBER DATA

TINF= 27.72 DEG C

XVQ=

STANTCN NC
0.33639E-02
0.28007E-02
0.2833EE-02
0.25184E-02
0.22538E-02
0.214€2E-02
0.20589€-02
0.20255€-02
0.18362E-02
0.15066E~02
0.18412E-02
0.17958E-02
0.16988E-02
0.1€490E~-02
0.15942E-02
0.15393E-02
0.15001E-02
0.145€2E8-C2
0.14061E-02
D.13811E-02
0.132327€E-02
0.13151€E-02
0.12753E-02
0.125548~-02
0.12274E-02
0.12644E-02
0.127C&E-C2
0.116548-02
0.11728E-02
0.11684F-02
0.11438E-02
0.11338E-02
0.11349E~-02
0.11053€-02
0.11046E-02
0.1C650E-C2

22.4 CM

DST
0.670E~04
0.629E-04
0.630E-0¢4
0.609€~04
0. 593E~04
0.587E-04
0.582E-04
0.581€E-04
0.575E-04
0.574E-C4
0.569E-04
0.567E~04
0.603E-04
0.628E-04
0.618E-04
0.551E-04
0.580E-04
0.568E-04
0.541E-C4
0.539E-04
0.522E-04
0.525E-04
0. 509E~04%
0.515E-04
0.4G9E-04
0.514E-04
0.503E-0%
0.493E-04
0.467E-D4
0.492E-04
0.476E-04
0.472E-04
0.473E-04
0.450E~04
0.4848~04
0.507E-04

UNCERTAINTY IN F=0.05034 IN RATIO

DR EEN

35.
6l.
78.
93.
105.
116.
126.
135.
142.

148.

154,
157.
157.
157.
1574

157. .

157.
157.
157.
157.
157.
157.
157.
157.
157.
157.
157.
157.
157.
157.
157.
157.
157.
157.
157.

M

0.71
0.70
0.70

0. 71
0.71
0.70
0.69
0.70
0.70
0.72

F

0.0231
0.0227
0.0228
0.0230
0.0230
0.0229
0.0227
0.0223
0.0226
0.0226
0.0233

T2 THETA

39198 0.978
39195 0.974
40433 1.004
39497 0.975
393178 0.962
39375 0.958
39398 0.978
39:.36 0.927
38469 0.875
37467 0.791
37421 0.755

DTH

0.025
0.025
0.025
0.025
0.025
0.025
0.025
0.024
0.02%
0.024
0.02%



ont

FUN 081574-1 =»x DISCRETE HCLE RIG *** NAS-3~14336 STANTON NUMBER DATA
*k & 2700STEPTS  F=0.75 TH=0 P/D=5 Kk

FUY 0815T74-2 ¥x%« DISCRETE HOLE RIC *%* NAS-3-14336 STANTON NUMBER DATA
ook 2700STEPTS WM=(C.75 TH=1 P/D=t bbb d

LINEAR SUPERPQOSITICN IS APPLIEC TO STANTCN NUMBER CATA FROWM
PUN NUMBERS 081574-1 AND (81574-2 TO OBTAIN STANTCN NUMBER DATA AT TH=0 AND TH=1

PLATE  REXCOL &% BEL2  ST(TH=0} REXHOT RE DELZ ST(TH=1} ETA sTCR F-COL ST4R T-40F LIGB
1 1150408.0 §9..7 0.603558 1145315.0 92.& C.003364 ULUUU 1.027 0.0000 8.960 0.0000 0.960
2 1205B849.0 237.4 0.003173 1200511.9 262.7 0.032792 0.123 0.836 3.0250 1.001 0.0231 3.718
3 1261291.9 46B.0 0.003342 1255707.0 1663.2 0.002B21 0.156 0.986 0.0245 1.075 0.0227 3.921
4 1:16732.0 £53.2 0.002339 1310902.0 3090.2 0.00250$ 01248 1.061 0.0250 8.996 0.0228 3.914
5 1372173.9 334.5 J.C0Z199 1366095.0 4479.4 0.002243 04299 1.074 0.0246 0.919 0.0230 3.896
5 1427615.0 1010.3 0.C03143 1421295.0 5870.6 0.00211& 0.327 1.103  0.0247 0.890 0.0230 3.911
7 143305€.3 1184.2 1.002132 1476491.0 1254, 3 0020 04357 1.140 0.0246 0.866 0.0229 3.91%
8 1538497.0 1355.7 ).€33054 1531687.0 8628.2 [0.001991] 04348 1.147 0.0251 0.873 0.0227 3.957
9 1593639.0 1525.5 0.003071 1586883.0 $990.0 O0.00LE75 04388 1.186 D.0246 £.838 0.0223 3.894
10 1€45280.0 1695.3 0.003056 164207%.0 11322.0 0.001780 04418 1.209 0.0247 0.806 0.0226 3.907

11 170+822.U 165.3 0.C03C76  1657275.0 1265648 001593 04482 1.244  0.0244 0.732 0.2226 3.816
12 17602¢3.0 2032.5 [0.€02957] 1752471.0 13990.5 [0.001454) 04508 1.219 0.0251 0.£77 0.0233  3.826
13 1£80229€.0 2156.9 0.0025€63 1754420.0 15334.6 0.001327 0552 1.239 0.624
14 1830651.0 2239.0 0.C02783 1822846.0 15372.4 0.001315 0.527 1.174 0.622
15 1856503, 2217.1  3.302684 1851272.0 15409.2 0.001274 04525 1.142 0.606
16 1E88194.0 2392.5 0.0025%0 1875835.0 15444.8 0.001230 04525 1.111 p.588
17 1€16885.0 2465.7 0.092528 1908399.0 15475.4 C.001198 01526 1.094 0.576
18 1945437.0 2537.3 0.C024€4 1636825.0 15512.5 0.001156 0.534 1.083 0.559
19 1573585.0 2607.0 0.002393 1965251.0 15545.2 0.00111& 04534 1.051 04542
20 2002541.0 2675.4 0.C02392 1993677.0 15576.5 0.001084 04547 1.058 0.529
i 2021C94.0 2742.7 0.002216 2022103.0 1560€.8 0.001043 04550 1.032 8.512
22 205964€.) 2808.3 J.0022%1 205C52¢.0 15636.4 0.001040 0.538 1.009 D.513
23 2CE3165.0 2671.9 0.002218 2078955.0 156€5.4 0.,000998 04550 1.001 D.49%
24 211688%.U 2935.3 U.(C2220 21C7518.0 15653.5 €.000972 0i562 1.008 8.484
25 2145580.0 2598.3 0.002184 2136082.0 15720.8 0.00094¢ 0.567 0.598 0.473
26 2174133.0 3060.5 2.002169 2164508.0 15748.4 0.000998 04540 0.997 £.501
27 2202685.0 3124.4 0.002303 2192934.0 1577¢.4 0.000967 0.580 1.065 D.488
28 2221237.0 2186.6 ).002050 2221360.9 15803.0 0.000905 0i558 0.953 0.458
29 2259799.0 3245.0 0.C02036 2249786.0 15829.0 0.000919 04549 04952 0.457
30 2288342.0 2303.2 04002035 2278212.0 15855.1 0.200913 04551 0.957 0.466
31 22156894.0 3360.6 0,C01586 230663E.0 1588C.8 0.000896 01549 0.938 0.459
32 23455E65.0 3417.0 0.G01S$S5T 2335202.0 15906.3 0.000892 04544 0.929 D.458
33 237427640 2472.8 3.001947 2363766.0 15931.7 C.000856 0.540 0.929 B.462
34 2402B28.0 3528.1 0.001618 2392192.0 15956.8 0.00086¢ 04548 0.920 8.449
35 7431383.0 3582.6 J.001895 2420617.0 15981.5 0.900872 0.540 0.913 0.453
36  2459933.0 3¢35.6 0.001830 2445043.0 16005.5 0.000840 0.541 0.886 6.438

STANTCN NUMBER RATIO BASEL ON ST#PR¥*044=0,0295%REX¥ % {~,2) k(1= (X1/(X=XVO))*%0,9) %k{=1, /9,})

STANTON NUMBER RATIGC FOR TH=1 IS CCNVERTED TO COMPARABLE TRANSPIRATION VALUE
LSING ALOG(L + B)/B EXPRESSICN IN THE BLOWN SECTION



HT

RUN 081574-1 *¥x DISCRETE HOLE RIE *#%x NAS=3-14336

TACB= 25.27 DEG C
1173 KG/M3
1011.

RHO=
CP=

L L1

PLATE X
127.8
£ 132.8
3 137.9
4 143.0
5 148.1
6 153.2
7

8

S

>

158.2

163.3

168.4
10 173.5
11 178.6
12 183.6
13 187.5
14 190.1
15 192.7
1€ 195.4
17 198.0
18 200.6
16 203.2
20 205.8
21 208.5
22 Zll.l
23 213.7
24 21643
25 218.9
26 22146
271 224.2
28 220.8
29 229.4
30 232.0
31 234.6
32 237.3
33 239.9
34 242.5
38  245.1
3€ 247.8

J/KGK PR=

2T00STEPSO M=0.9

REX
0.11594E 07
0.12153E 07
0.12711E 07
0.13270E 07
0.13825E 07
0.14388E 07
0. 14946E 07
0.15505€ 07
0.16064E 017
0.16623E 07
0.17181E 07
0.17740E 07
0.18165E 07
0.18453E 07
0.18740& 07
0.19029E 07
0.19319E 07
0.19606E 07
0.19894E 07
0.20182€ 07
0.20470E 07
0.20757€ 07
0.21045& 07
0.21334E 07
0.21623€ 07
0.21941E 07
0.2219%E 07
0.22487E 07
0.22774E 07
0.23062E 017
0.23350F 07
0.23639E 017
0.23928¢ 07
0.2421¢E 07
0.24504E 07
0.24791E 07

UINF=
VISC= 0.15580E~04 M2/S§

TH=C

T0
26.23
26.31
36.23
26.33
26.23
36.34
36.24
36.34
36 34
38.:1
36.31
26033
35.56
5. 21
315.96
26.C6

36417

36617
26.19
36.25
26.21
26.42
26. 40
36.53
Z6.53
36455
36.21
36469
36.50
26.88
26452
26.18
36.74
26.50
36412
26. 48

UNCERTAINTY IN REX=279317.

13.14 M/S
0iT15

F/D =5 L2 ]
REENTH
0110006E
0128926E
Cs50661E
Ci76421E
0410231E
0112760E
0415233E
0417806E
0320576E
0423226E
04257871
€428373E
0.30434E
Gd31336E
0.32194E
0433019E
0433815E
0i34592E
043534%E
0.36093E
0436825€
0.37536E
0+38225E
0+38916E
0.39605E
0440287E
0340G85E
0441665E
0442305¢
0.42945F
Ci43579E
0e44196E
0144813E
C.45420t
0146017E
04466C4E

STANTON NUMBER DATA

TINF= 25.14 DEG €

XVC=  22.4

STANTCN NO

0.35817E-02
0.31907E-02
0.33762E-02
0.35661E-02
0.35176E-02
0.33505€6~02
0.33942E-02
0.33548E-02
0.327688E-02
0.32024E-02
0.32567€E-02
0.31681E-02
0.32087E-02
0.30504E-02
0.29115€E-02
0.2E102E-02
0.27198E-02
2 426757E-02
0.25753E-02
0.25926E-02
0.24881E~02
0.24452E=-02
0.23666E-02
0.24042E-02
J.23778E-02
0.23543E-02
3.24904E-02
0.22346E-02
0.22083E-02
0.22328£-02
0.21717€E-02
0.21321.7E-02
0.21299E-02
0.2C792E-02
0.20690E-02
0.2C042E-02

CM

OST
0. 762E~-04
0.730E-04
0.745E-04
0.761E-04
0.75TE-04
0.741E-04
0.745E-04
0.T42E-04
0.735E-04
0. 740E-04
0.736E-04
0.727E-04
0.110€-03
0.108E-03
0.105E-03
0.100E-03
0.976E-04
0.958E-04
0.918E-04
0.927E-04
0.889E-04
0.B887E~0C4
0.852E-04
0.875E~04
0.859E-04
0.865E-04
0.874E-04
0.835E-04
0.784E-04
0.823E~-04
0.795E=~04
0.778E-04
0.783E~-04
0.T45E-04
0.783E-C4
0.824E-04

UNCERTAINTY IN £=0.05033 IN RATIO

DREEN

2
24e
4l.
52.
62.
70.
78.
84
9l.
96,

102.
107.
109.
109.
109.
109.
109.
109.
109.
109.
109.
109.
109.
109.
109.
110.
110.

1104

110.
110.
110.
110.
110.
110.
110.
110.

M

0.93
0.93
0.94
0.93
0.93
0.94
0.94
0.93
0.91
0.92
0.92

F

0.0301
0.0301
0.0303
0.0300
0.0302
0.0303
0.0303
0.0299
0.0295
0.0298
0.0298

T2

25136
25456
25154
251455
25353
25166
25468
25148
25463
25167
25162

THETA

0.020
0.038
0.036
0.036
0.035
0.047
0.048
0.048
0.044
0.048
0.043

DT+

0.028
0.028
0.028
0.028
0.028
0.027
0.027
0.027
0.028
0.028
0.028

R e ce= =0



eht

RUN

TACB= 26.€3 DEG C UINF= 17.05 M/S
FHB= 1.166 KG/M3 VIS5C= 0.15703E-04 M2/S
Cp= 1013. J/KGK PR= Ci715
wkk 2700STEP90 WM=0.9 TH=1 /D=5 ek
PLATE X REX 10 REENT H
1 127.8 0.11442E 071 40.20 0492159E
2 132.8 0.11994t 07 40.19 0426105
3 137.9 0.12545E 07 40.16 0.19703E
4 143.0 0.130S7E 07 40.1S 0i36668E
5 148.1 0.13648E 07 40.19 0453470E
6 153.2 0.14200E 07 40.20 Ca70C37E
7 158.2 0.14751E 07 40.20 0.86169E
8. 163.3 0.15303E 07 40.22 C:10223E
S 1lé8.4 0.15854E 07 40.20 0411800
10 173.5 0.16405€ 07 40.19 0413365E
11 178.6 0.16957¢ 07 40.19 0414863E
127 183.6 0.17508E 07 40.19 0416334
13 187.5 0.17927€ 07 39.43 0417705E
14 190.1 0.18211E 07 329,:1 0.17757E
15 192.7 0.18495E 07 39.67 0.17808E
16 195.4 0.18781€E 07 29.175 0417857
17 198.0 0.1906&E 07 139.€2 0417904E
18 200.6 0.19350F 07 29.86 0417949E
19 203.2 0.19&34E 07 35.¢88 0417994E
20 205.8 0.19918E 07 40.03 0:18837E
21 208.5 0.20202E 07 40.03 CilB07SE
22 Zl1l.1 0.204B6E O7 40.09 0.18119F
23 21347 0.20770E 07 40.07 0il8159€
24 216.3 (0.21055E O7 40.22 0.18198E
28 218.9 0.21341E 07 40.22 0418237E
26 221.6 0.21625E OT 40.17 Q041827SE
27 22442 0.21909E 07 39.56 0418314F
28 226.8 0.22193E 07 40.32 0318351E
29 229.4 0.22477€ 07 40.15 Qi18587E
30 232.0 0.22761E 07 40.49 0118422E
31 234.6 (0.230%#5E 07 40.45 0418458E
32 237.3 0.23330FE 07 40.38 0i184G2E
33 239.9 0.2361l6E 07 40.36 0418526E
34 242.5 0.23900E 07 40.17 0318560E
35 245.1 0.241B4E 07 40.24 0418593E
36 247.8 0.24468E 07 40.13 0418626E

UNCERTAINTY IN REX=27572.

081974-2 *»* DISCRETE HOLE RIC *¥* NAL-3-1433¢

TINF= 26.51
XVC= 224
STAN CN NO

0.32425€E-02
0.27830E-02
0.26569€E~-02
0.28056E-02
0.25668E-02
0.234€4E-C2
0.23251€-02
0.22408E-02
0.21477E-02
0.2CREBE-C2
0.20024E-02
0.154S0E-02
0.18659E-02
0.18074E-02
0.17504€E-02
0.16826E-02
0.16327E-02
0.15896€-02
0.15233E-02
0.150246-02
0.144G3E-02
0.14166E-02
0.13730E-02
0.12722€E-02
0.13287E~02
0.13566E-02
0.13822E-02
0.12616F-02
0.12423€E-02
0.12512E-02
0.12284E-C2
0.12060€E-02
0.11984E-02
0.11722E-02
0.1166RE-02
0.11215€E-02

STANTCM

DEG C
CM

DST
0.619E-04
0.581E-04
0.593E-04
0.583E-04
0.567E=04
0.553E-04
0.552E~04
0.546E-04

0.542E-04"

0.540E-04
0.535E-04
0.532E~04
0.647E-04
0.659E~04
0.651E-04
0.620E-04
0.606E-04
0.593E-04
0.562E~04
0.561E-04
0.542E-04
0.541E-04
0.521E-04
0.532E-04
0.514FE-04
"0.526E-04
0.517€-04
‘0.505E-04
0.472E-04
0.499E~04
0.484E~04
0.476F-04
0.476E-04
0.453E-04
0.483E-04
0.504E-04

UNCERTAINTY IN F=0.05034 IN RATIO

NUMBZK DATA

191.

191.
191.
191.
191.
191.
191.
19l.
191-
191.

0.85
0.85
0.84
0. 85
0.85
Q. 86
0.84
O. 85
O.84
0.85
0.85

£

0.0275
0.0276
0.0273

0.0274.

0.0276
0.0279
0.0272
0.0276

0.02T1L -

0.0275

0.0275.

T2 THETA

40.52 1.024&
40333 1.011
40341.1.017
40129
39i85
39470
39,79
39455
39i19
38178
38il4

0.974
0.963
0.969
0.953

0.898
0.851

1.007.

0.927.

DTH

0.023

-0.023

0.023
0.023

"0.023

0.023

" 0.022

0.022
0.022
0.022



ent

RUN ~0B1974~1 *&% DISCRETE HCLE RIG *a% NAS-3-1433¢

kg

2700STEPSO

STANTCON NUMBER DATA

Mz0.9 TH=0 P/C=5

RUN 081974~2 **¥ DISCRETE HOLE RIE *%& NAS-3-1433¢

Kok %k

L2 2]

STANTON NUMBER DATA

2700STEPS0 M=0.9 TH=1l P/D=5

LINEAR SUPERPOSITION IS APPLIEC TO STANTCN NUMBER CATA FROM
" RLN NUMBERS 081974-1 AND C81G74-2 T OBTAIN STANTCMN NUMBER DATA AT TH=0 AND TH=]

PLATE

Vo~ WN -~

10
11
12
13
14
15
16
17

18 .

16
20
21
22
23
24
25
26
7
28
29
30
31
22
23
34
35
36

STANTCN NUMBER RATIO BASED ON ST#PR*%0,4=0.0295%REX*# (-2} % (1 .- (XT7(X-XVO}I*%Q 9 )*k(~1./9,)

RE XCOL

115939440
12152665.0
1271142.0
1327(16.0
1382892.0
1433766.0
149%¢€41.v
1250515.0
1606299,
1€62264.0
1718136.0
1774013.0
181647€.0
1845253.0
1€74C28.0
1902943.0
1931¢E5€.0

1663€34.0 .

1689409.0
2018184.90
2040560.0
2C€75735. 0
2104511.0
2132425. C
2162349.0
2191116.0
cz19891.0
224866640
2271442, 1
2306217.0
2324993.0
2363607.0
¢392822.0

-2421598.0

2450373,0
2479148.0

- RE CRA.2

100 .1

289 .5
473 .5
668.6
86843
1062.2
1253.2
1444 .4
1€33.1
1820 .4
2007.2
2190.4
232841
2420.5
2508.0
25G2.3
2673.7
2753.1
2830 .4
2936.5
2581 .4
2054.1
3125.0
3195.3
3265.8
3335.6
3407.9
3476 .7
3542.2
3607.8
3€12.7
37136.2
3799.0
3g6le.1
3922.3
3582.3

ST(TH=0)

0.C03582
J.00319%
0.C€03388
0.C03595

Je 002F €

J. 032441
De0U3412
Je €J334)
0.C033¢5

Q33

0.,003262
Je. C03118
0.002¢75
C.(CC2872
J.00277¢
J« 02735
0.C02¢33
J. 002652
0.002545
0.€02501
0. 002421
0,002460
0,€0242¢
JeC02409
Je 002551
J.002288
0.0022¢1
0.,002286
0.002223
0.002182
0.002181
0,002129
0.C02118
0.0020E2

REXHOT

1144244.0
1196388.0
1254532.0
1309677.0
12¢4821.0
1419965.0
1475109.0
1£30254.0
1585398.0
1640542.0
165568740
1750831.0
1792741.0
1821140.0
1849536.0
1878076.0
190¢6132.0
1§35013.0
196341240
1961811.0
2020211.0
2048610.0
2077G0%.0
2105546.0
2134084.0
2162483.0
2190862490
2219281.0
2247681.0
227¢080.0
2304480.0
2333017.0
23€1554.0
2389953.0
2418352.0
2446752.0

RE CELZ

92.2
261.3
1934.2
2614.5
5270.6
€916.3
€567.6
10228.7
11849.8
13482.2
15084.5
1€702.5

1€292.0 -

18338.6
1€384.C
1€4217.%
184170.3
1E511.4
LEESL.0
18585.4
1€626.8
1€663.1
186%8.4

1£733.0

1e76¢€.¢
1880V.7
18835.1
1€8€8.2
1889 %.¢
1€93¢C.8
18961.¢
1€992.5
19322.7
16052.4
16081.8
16110.5

ST{TH=1)

C. 003342
0.002792
0.002967
0.002816
0.002578
0.002289
0.00219%
0.002099
C.002007
0.00187%
0.001764
0.001662
0.001619
0.001574
0.001511
0.00146¢
0.001425.
0.001364
0.901337
0.001292
0.001260
0.001222
0.001216
0.001169
0.001205
0.001214
C.001114
G.001096
0.001102
0.001085
C.001065
0.0)1057
C.001036
0.001030
0.000987

ki

ETA

Uyuuy
0a127
0s124
04217
04274
04310
04335
04355
0.372
0.404
04436
04455
041494
04481
04471
04474
0:472

04479

04482
04496
04492
04496
04495
04506
01520
0.500
0.524
04513
04515
0.518
0512
04512
04515
0e513
0.514
04519

STCR

1.023
0.843
1.000
1.143
1.154
1.190
1.253
1.283
1.290
1.332
1.344
1.335
1.373
1.316
1.267
1.233
1.203

1.193.

1.157
1.174
l.134
1..122
1.093
l.118
1.113
1.108
1.180
1. 064
1.057
1.075
1.051
1.037
1.041
l.021
1.021
0.994

STAANTCN NUMBER RATIO FOR TH=1 IS CCNVERTED TO COMPARABLE TRANSPIRATION VALUE
USING ALOG(L + B}/B EXPRESSION IN THE BLOWN SECTION

F-COL

0.0000
0.0301
0.0301
0.0303
0.0300
0« 0302
0.0303
0. 0303
0.0299
0.0295
0.0298
0.0298

ST4R

0.954 -

1.000
2.129
1.117
1.055
0.982
8.983
8.963
D.935
0.908
0.861
8.820
2. 780
0.764
0. 748
8.722
0.705

.0.688

0.662
0.652
0.633
8. 621

D605

0.604
0.58¢4
0.604
2.611
0.563
8.556
8.562
9.555
0.547
0.545
8.536
8.535
D.514

S=-40T

0. 0000
0.0275
0.2276
0.0273
0.0274
0.0276
0.0279
0.0272
0. 0276
0.0271
0.0275
0.0275

LJGe -

0.954
4.125
4.501
4.571
4.570
4.550
4.643
&.599
4. 637
4.586
4.589
4.555



T

RUN 092374

RHO#

cp=

*kk

PLATE

e s e gt P
NSO UMD WO OD~NOVIN WA

18

k% DISCRETE HCLE RIE *%%x NAS-3-1433p

TACB8= 23.77 DEG C UINF= 12.47 M/S
1.170 KG/M3 VISC= 0.15526E-04 M2/S
1014. J/KGK PR= 04717
2700STEP130 M=1.3 TH=0 P/D=5 kkk

X RE X TO REENTH
127.8 0.11858E 07 34.21 0.10173t 03
132.8 0.12429E 07 24.21 0429203E 03
137.9 0.13001E 07 34.25 C.55365E 03
143.0 0.13572E 07 Z4.22 0:84341F 03
1481 0.14144E 01 24.23 0411666E 04
153.,2 0.14715E 07 34,23 0415CCIE 04
158.2 0.15286E 07 34.21 0118399E 04
163.32 0.15858E 07 24.21 0422182E 04
1684 0.16429E 07 734.21 0126014E 04
173.5 0.17001E 07 24.23 0i299503E 04
178e6 0.17572FE 07 34.23 Gi33667E 04
183.6 0.181445 07 24,21 Ci37598E 04
187.5 0.18578E 07 23.20 0440995t 04
190.1 0.18872F 07 33.C8 0442034E 04
192.7 0.19167€ 07 23.50 Gi4302T 04
195.4 0.194625 07 33.56 0.43982E 04
158.0 J.19753E 37 :23.¢&2 Ci44S11E 04
200.6 0.20052E 07 23.65 0445823E 04
203.2 0.203475 07 =3.69 Cs467CSE 04
205.8 0.20641E 07 33.8l 0447578 04
208.5 J.20935E 07 23,15 Ci48433E 04
211el 0421230E 07 33.E5 Ci49272E 04
¢13.7 0.Z1524E 017 23.71S 0450099E 04
21643 0.21820£ 07 23.6¢ 0i50916E 04
218.5 3.2211%E U7 Z23.64 0451 7318 04
22146 0.22410f 07 33.85 0452535 04
224.2 04227064t 07 22.172 0453321F 04
22648 0.22958E 07 23,88 Ci54101E Q4
22S.4 0.23293FE 07 :23.85 0.54874E 04
23240 ).23587€ J7 24.253 Ci55¢€42E 04
234.6 0.238BlE 07 34.25 0.56405E 04
€37.3 0.24177€ 07 24.13 QiS5T148E 04
239.9 0.24473E 07 34.13 Q0.57880E 04
2642.5 0.24767E 07 Z3.E8 Ci58604E 04
2451 0.25061€E 07 24,11 0459221 04
247.8 0.25356E 07 23.54 0460024E 04

UNCERTAINTY IN REX=28573,

STANTCN NUMBER DATA

TINF= 23.63 DEG C

XV(C= 22.4 CM

STANTCN NC OST
0.25604E-02 0.791E-04
0.30997E-02 0.751E-04
0.32452E-02 0.760E-04
0.38753E-02 90.819E-04
0.39€446-02 (.828E-0%
0.38968£-02 0.821E-04
0.3€6900E-02 0.803E-04
0.35915€-02 0.794E-04
0.35789€-02 0.793E-04
0.35898E-02 0.792E-04
0.36047€-02 0.7945-04
J.35031E-02 0.786E-04
0.35767E-02 0.122E-03
0.244548-02 0.123E-03
0.32962E-02 0.119E-03
0.31810E-02 O0.114E-03
0.21267€-02 0.112&-03
0.30639E-02 0.110E-03
0.2%468E-02 0.105E-03
0.265C7E-02 0.106E-03
0.2€576E-02 0.102E-03
0.28357E-02 0.103E-03
J.2T7735E-02 0.993E-04
0.27757E-02 0.101E-03
0.27555€-02 0.9%4E-04
0.27038E-02 0.1028-03
D.26259E-02 92.924E-04
0.26606E-02 0.101E-C3
0.25858F-02 0.922E-04
0.2€621712E-02 0.963E-04
0.25566E-02 0.929€-04
J«24850E-02 0.902E-04
0.248128~-02 C.909F-04
0.24359E-02 0.871E-04
0.24278BE~-02 0.907E-04
0.234681E~-02 0.945E-D4

UNCERTAINTY IN F=0.05021 IN RATIO

DREEN

36.

63.

80.

95.
108.
119.
129.
139.
148,
156
164,
168.
168.
168.
168.
rL68.
168,
168.
168.
168.
168,
168.
168.
168.
168.
168.
168,
168.
168.
168.
166.
168.
168,
168.
168.

M

1.33
1.33
l1.32
1.34
1.33
1.32
1.32
1.33
1.32
1.30
1.39

F

0.0432
0.0431
0.0426
0.0433
0.0429
0.0428
0.0426
0. 0430
0.0427
0.0419
0.0421

T2

23498
24100
24106
24410
24416
24137
24441
24143
24337
24347
24446

THETA

0.033
0.035
0.041
0. 044
0.050
0.070
0.073
0.075
0.070
0.079
0.078

DT+

0.029
0.029
0.029
0.029
0.029
0.029
0.029
0.029
0.029
0.029
0.029



ant

RUN

CS2474

*x* DISCRETE HOLE RIG **#% NAS-3-14336

TACE= 21.61 DEG C
1.183 KG/M3

RHO=
CcP=

sk

PLATE
1

VO~V WN

10
11
12
13
14
15
1¢
17
18
19
20
21
22
23
24
25
26
27
28
29
30
3l
32
3:
34
33
36

1013.

J/KGK

2700STEP130 M

X
127.8
132.8
137.9
143.0
148.1
153.2
158.2
163.3
168.4
173.5
178.6
183.6
187.5
1990.1
192.7
195.4
168.0
200.6
203.2
205.8
208.5
2l1.1
213.7
21l6.3
218.9
221.6
22422
226 .8
2294
232.0
e24.6
237.3
229.9
242.5
245.1
247.8

RE X
0. 120B0E
0.12578E
0.13156E
0.13735¢
0.14313E
0. 14891E
0.15470F
0. 16 048E
0.16626E
0.17204E
0.17783E
0.18361E
0.18801E
0.190S8E
0. 19306E
0. 19695E
0.19995E
0.20292E
0.20590E
0.20888E
0.2118¢E
0.21484E
0.21782E
0.22081¢&
0.22389E
0.22¢€78E
0. 22976E
0.23274E
0.23572€E
0.23869E
0.24L67E
0. 24456 6E
0.24766E
0.25064E
0.253561E
0.25659E

UINF= 13.39 M/S
ViISC= 0.15278E~-04 M2/S
PR= 0717

1.3 TH=1 P/C=5  #%%

T0 REENTH

07 37.S50 0310022€E 03
07 27.50 Q4279C7%E 03
07 37.52 0.25665E 04
07 37.62 0449196E 04
07 37.92 0.7360SE 04
07 37.92 0.98561€ 04
07 37.92 0412305 05
07 Z27.50 0l14740E 05
07 37.%2 0417186E 05
07 327.52 0119629E 05
07T 27.92 04220&4E 05
07 37.92 0424443E 05
07 36.44 0.26T14E 05
07 36.17 042617617 05
07 36.55 0.26819E 05
07 :6.€1 Ci26869E 05
07 36.¢€7 0426918E 05
07 26.14 0426965E 05
07 26.80 0427CL1E 05
07 36463 0127055 05
07 26.¢7 €i27CG8E 05
07 37.05 0:27140E 05
07 37.43 0427181E 05
07 27.24 0i27221€E 05
07 Z27.18 031272608 05
07 37.12 0427299E 05
07 36.27 0427336E 05
07 37.:20 04273%2E 05
07 27.16 0i27409E 05
07 27.49 0427446E 05
07 37.52 0127483 05
01 37.39 0427518 05
DT 327.3% Ci27554E 05
07 37.20 0427589E 05
07 37.35 Q0127 623E 05
0T 27.16 0127€5TE 05

UNCERTAINTY IN REX=2891°%.

TINF=
XVC=

21.47
22.4

STANTCN NO

0.24660E-02
0.27194E-02
0.30379E-02
0.32415E-02
0.31025E-02
0.27723E-02
0.27106E-02
0.25496€E-02
0.24187€~02
0.23468E-02
0.22360E-02
0.2134EE-02
0. 178 4¢E-02
0.17727€-02
0.17115E-02
0.16526E~02
0.1€149E-02
0.15532E~02
0.148€3€-02
0.14829E-02
0.14077E-02
0.13947E-C2
0.13473E-02
0.132381€-02
0.13198€-02
0.128¢<7E-02
0.11558E~-02
0.12596E-02
0.12256€E~02
0.12591E-02
0.12124E-02
0.11938€-02
0.11854E-02
0.11453E-02
0.11612€6-02
0.11160E-02

STANTCN NUMBER DATA

DEG C
CM

osT
0.522E-04
0.474E-04
0.493E-04
0.506E-04
0.457E-04
0.47T7E-04
0.473E-04
0.464E-04
0.457E-04
0.453E-04
0.447E-04
0.442E-04
0.581E~04
0.616E-04
0.613E-04
0.586E-04
0.574E-04
0.557E-04
0.530E-04
0.531E~-04
0.506E-04
0.510€-04
0.488E-04
0.499E-04
0.485E-04
0.498E-04
0.406E-04
0.492E-04
0.446E-04
0.475E-04
0.455E-04
0.446E-04
0.44TE-04%
0.422E-04
0.452E-04
0.471E-04

UNCERTAINTY IN F=0.05031 IN RATIO

M

1.19
1.21
1.22
1.22
1.21
1.19
l.18
1.18
1.20
1‘18
1.19

F

0.0386
0. 0391
0.0394
0.0394
0.0391
0.0385
0.0382
0.0384
0.0389
0.0382
0.0385

T2

37407
37428
37478
384,26
38315
38.33
28459
38457
38431
38425
37.61

THETA

0.949
0.961
0.991
1.021
1.014
1.025
1.042
1.039
1.024
1.020
0.981

Dr4

0.019
0.01%
0.019
0.015
0.019
0.019
0.019
0.019
0.019
0.019
D.019



ant

RUN 092374 ##* DISCRETE HOLE RIG *%% NAS-3-14336 STANTCN NUMBER DATA
. %%4  2700STEP130 M=1.3 THz0, P/D=5  wxe

RUN 092476  **% CISCRETE HCLE RIG *#* NAS-3-14336  STANTCN NUMBER DATA
ave  27C0STEP130 M=l.3 TH=l' P/D=5 %tk

LINEAR SUPERPOSITION IS APPLIED 10 STANTON NUMBER CATA FRCM
RUN MUMBERS 092374 AND 092474 TCO GBTAIN STANTON NUMBER OATA AT TH=0 AND TH=1

PLATE  REXCOL RE DEL2  ST(TH=0) REXHOT RE DEL2  ST{TH=1) ETA STCR F-cOL STHR F=HOT LOGB
1 1185771.0 101.7 0.G03560 119997440 100.2 0.003466 UUUUU 1.016 0.0000 0.989  0.2000 0.989
2 1242917.0 292.4 0.003113 1257804.0 278.5 0.002658 04133 0.825 0.0432 8.976 0.0386 S.121
3 1300062.0 474.3 0.003253 1215634.0 2678.5 0.003028 04069 0,965 0.0431 1.164 0.0391 5,707
4 135720€.0 678.7 0.003SCL 13734640 5118.5 C.003226 0.173 1.247 0.0426 1.292  0.039%% 6.114
5 1414354.0 904.5 0.004002 1431295.0 7588.7 _0.002108 04224 1.352 0.06433 1.285 0,039  6.230
6 1471499.0 1131.8 U.C03951 1489125.0 10029.8 24293 1.395  0.0429 1.185 0.0391  6.126
7 1528645.0 1351.9 0.003751L 1546955.0 12448.0 C€.002730 04272 1.374 0.0428 1.185 0.0385 6.156
8 1585791.0 1563.9 0.0036€9 1604785.0 14829.5 0.072586 04295 1.387 0.0426 1.144 0.0382 6.132
9 1642936.0 1773.5 0.003668 1662615.0 17186.6 0.002467 04327 1.425 0.0430 1.111  0.0384 6.153

10 1700682.0 1983.6 0.003684 1720445.0 15544.5 0.002387 0.352 l.466 0.0427 1.092  0.0389  6.240
11 1757227.0 2194.9 0.002713 1778275.0 21928.& 0.002267 04389 1.510 0.0419 1.052 0.0382 64147
12 1814373.0 2404.4 0.003620 1836105.0 24264.5 0.002135 0.410 1.502 0.0421 1.003  0.0385 6.140
13 1857804.0 2562.8 0.003729 1880056.0 2657E.E C.001785 0,521 1.569 8.847
14 1E87234.0 2670.6 0.003588 1909839.0 26621,8 0.001773 0.506 1.523 8.846
15 19166£4.0 2774.9 0.003435 1939621.0 26683.8 2.001712 04502 1.470 8.822
16 1946236.0 2873.4 0.003311 196954840 2€734.0 0.001653 0:501 14430 8.798
17 1575€05.0 2970.2 0.003256 1999475.0 26782.7 0.001615 J.504 1.417 0.784
18 2005239.0 3065.2 0.003193 2029258.0 26825.5 0.001554 0513 1.400 0.758
19 2034669.0 3157.5 0.003071 2055040.0 26875.3 0.001487 0.516 1.357 0.729
20 2064099.0 3248.0 0.003076 2088822.0 26916.6 0.001483 0.518 1.368 0. 731
21 2093530.0 3337.3 0.€02581 2118605.0 2€962.7 C.001408 0.528 1.336 0.698
22 2122960.0 3424.8 0.C02559 2148388.0 27004.5 0.001395 0i528 1.334 0.69
23 2152390.0 3511.0 0.(02855 2178170.0 27045.4 0.001348 053¢ 1.31% 0.674
24 2181962.0 3596 .4 0.002898 2208097.0 270€5.4 €.001236 0.538 1.324 8,672
25 7:11535.0 368l.4 0.00:878 2238024.0 27125.1 0.001320 0.56¢1 1.323 0.666
26 2240965.0 3765.5 0.002824 2267807.0 271¢4.C 0.001290 0.543 1.306 0.654
27 2270395.0 3847.7 0.002756 2257589.2 27208.4 0.001156 0a580 1,282 0.588
28 2299825.0 3929.2 0.002780 2127372.0 27236.5 0.001260 0.547 1.300 0,644
29 2229255.¢C 4010.0 0.002702 2357155.0  27273.5 _0.001226 0.546 1.271 0.629
30 2358685.0 4090.2 0.£02744 2386927.0 27310.6 0.541 1,297 8.649
31 2388115.0 4170.0 0.C002671 2416719.0 27347.5 0.001213 0,546 1.266 8.627
32 2417688.0 4247.6 0.0025$5 2466546.)  27383.3 0.001194 04540 1.240 8.620
33 2447261.0 4324.0 0.C02592 2476573.0 2741 6.8 0.00118B6 0.542 1,244 0.618
34 2476691.0 4399.7 0.002546 250635640 27453.¢ (.001146 0,550 1.228 0.599
35 2506121.0 4474 .6 J.002536 2526138.0 27468.C 0.001162 04542 1.229 8.609
36 2535551.0 4548.1 0.002458 2565921.0 27521.5 0.001116 0.545 1.195 0.538

STANTCN AUMBER RATIO BASEL ON STHPR*%Q.4x 0. 0295%REXE* (=4 Z)%( 1~ XI/( X=XVO)) %% 0, 9) %k (=1,/9,)

STANTCN NUMBER RATIC FCR TH=1 IS CENVERTEDR TO COMPARABLE TRANSPIRATION VALUE
LSING ALOG(L + B)/B EXPRESSIGN IN THE BLCOWN SECTICN - ’



Lyt

RUN 121174 VELOCITY PRCFILE

REX

Xvo

UINF
visc
PORT
XLoc

YI{CM.)

0.025
0.028
0.030
0.033
0.038

0.046
0.056
0. 069
0.084
0.102

0.122
0. 147
0.178
0,213
0.254

0.300
0.351
0.414
0,490
0. 592

0.719
0.871
1.024
l.214
1. 405

1.595
1.786
1.976
2.167
2.357

2,548

0.12950€ 07

0.14902€E-04

Y/DEL

0.012
0.013
0.015
0.01é6
0.018

0.022
0.027
0.033
0.040
0,048

0.058
0.070
0.085
0.102
0.121

0.143
0.167
0.197
0.233
0.282

0.342
0.415
0.487
0.578
0.669

0.759
0.850
0.941
1.032
1.122

l.213

REM = 2871.

13.04 CM, DEL2 = 0.254 CM.

16.82 M/S DEL99= 2.100 CM.

v2/S DELL = Q.35% CM.
19 H = 1.396
127.76 CM, CF/2 = 0.16496E~-02

U(M/S) U/UINF Y+ U+

Te2¢€ 0.432 lle6 10.63
T«36 C.440 12.8 10.32
7.63 0e454 14.0 1l.17
7.84 0.466 15.1 li.@o
8.22 0.489 17.5 12.03
8.56€ 0.509 2140 12.53
8.99 0.534 25.0 13.15
9.38 C.558 3la.4 13.73
9.72 0.578 384 L4.23
10.00 «594 46 .0 14.63
10.25 0.609 55.9 15.00
10.49 C.624 67 .2 L5.306
10.76 C.640 8l.5 15.75
11.0¢€ 0.658 97«0 16419
11.32 0.673 1l6.4 L6.08
11.56 Ce689 137.4 16.97
11.88 C.706 160.7 17e3b
12.18 0.724 189.8 17.83
12.51 Ca743 224417 18.30
12,93 0768 27le5 18.92
13.42 C.798 32¢9.5 19.64
13.94 C.828 399.4 20.40
14.43 0.858 469,53 2isle
14.97 Q.890 55046 21491
15.4¢ 0.919 644.0 22.63
15.8S 0.945 731.3 23.20
16.25 0.966 Blb.o 23.79
16.56 0.984 900.0 24.24
16,66 0.992 993.3 2445
16.7S 0998 1080.6 244598
16.82 1.000 1168.0 24.62



gt

RUN

121174

*%% DISCRETE HOLE RIG *»% NAS-3-1433¢

TACB= 19.46 DEG C
1. 208 KG/M3

FHO=
cp=

ik ok

FLATE

——
=Y I - BN R o SV B - RSV AU o

—
[N}

13

1011.

2900ST&epP P

X
127.8
132.8
137.9
142.0
148.1
153.2
158.2
163.3
168.4
173.5
178.6
183.¢
187.5
190.1
162.7
165.4
1984)
200.6
203.2
205.8
20845
211.1
213.7
216.3
218.6
z21.6
224.2
é26.8
229.4
232.0
234.6
237.3
239.9
24245
245.1
247.8

J/KGK

FEX
0.12¢97E
0.13572E
0.14148F
0.14723E
0.15299E
J0.15674E
0.16450E
0.17025¢
0.17¢601E
C.13176E
0.18752¢%
0.19327¢
0.19765E
0.20061E
2.293517E
0.206552
J.29953E
0.21249€F
Oe21546%
0.21842¢E
0.22138E
0.22435E
0.22731E
€.23029E
0.23327E
J.23€23E
0.23919E
G.24216E
0,24512¢
0.2486SE
0.25105E
0.25403E
0.25701E
0.25997E
0.26293E
0.26590E

UINF=
VISC= 0.14903€E-04 M2/S

PR=

P/0=10

Phx

T

Z2.26
32.24
2224
I2.2¢
:2.28
12024
22.28
22,24
212.22
32.22
22.24
22.26
ll.EE
Z1.70
22.07
22.09
I2.11
22.03
31.65
22.07
22.01
2Z.03
2l.50
2l.67
22.07
21l. 87
30. 175
2l.99
31.61
22.39
22.25
22.20
22.18
31.88
22.14
3l.86

16.88 M/S

d.716

REENTH
04102832E
0.28901E
Q0444890
0456626
0.74425E
C.88572E
0.10234E
J41157SE
0.12894E
0114191F
C4l15455E
04il6686E
041T&17E
0.18249E
011 8877E
0+19501E
Ce20121E
042073¢E
0i21353E
C421964E
0.22572F
0323177
0423760
03243 73E
0:24963€
042555EE
0s26151E
026741
0.27328E
0427913E
042849°5E
0429075E
0425653E
0430230E
0430804E
0431376E

TINF= 19.33
XVQ0= 13.0
STANT CN NO

J.357T376-02
0.289705-02
0.2655G€E-02
0.256685-02
0.24711E~02
0.24455E-02
0.23386E~02
0.23211E-02
0.c2631-02
2.22473F-02
0.21458E-02
0.21316E-02
0.21400€-02
0.21224€E-02
J.21089E-C2
0.2C966E-02
0.20855E-02
0.20747E-02
0.20647€-02
0.2C536E-02
0.20447€-02
0.20346E-02
0.20261E-02
0.16725€6-C2
0.20072€E-02
0415993E-02
0.1696€E~-02
0.15833F-02
0.1¢755E~C2
0.16660E-02
0.1€581E-02
0.15518F=-02
0.19449€-02
0.1S389E-02
0.16311F-02
0.16258E~02

STANTON NUMBER DATA

DEG C
CM

DST
0.661E-04
0.611E-04
0.554 E-04
0.58TE-04
0.580E-04
0.580E-04
0.572E~04
N.57T3E-04
0.570E~04
0.569E=04
0.562E-04
0.561E-C4
0.739E-04
0.745E-04
0.755E-04%
0.740E-04
0.740E-04
0.735E-04
0.722E-04
0.727E-04
0.720E~-04
0.728E-04
0.716E-04
0.707E-04
0.721E-04
N.751E-04
0.662E~04
J.751E-04
0.688E-04
0.718E-04
0.701€-04
0.696E-04
0.702E-04
0.615E-04%
0.715E-04
0. 77T0E-04

DREEN
2a
3.
4.
5.
5.
6.

11.
11.
11.
1.

ST(THEQ)
J.31195E-02
0.27498E-02
0.25879€E-02
0.24836E-02
0.24065E-02
0.23453E-02
0.22944E=02
0.22510€E=-02
0.22129E-02

0.21792E-02 -

0.21488E-02
0.21212E-02
0.21017E-02
0.20892E-02
0.20772€E~-02
0.20656E-02
0.20544E-02

0.20437€-02 -

0.20333E~02
0.20233€£-02
0.20136E~02
0.20042E-02
0.19951E=02
0.19862E~02
0.19775E-02
0.19692E-02
0.19610E-02
0.19531E-02
0.19454E-02
0.19378E-02
0.19305E-02
0.19233E-02
0.19163E-02
0.19094E-02
0.19027€-02
0.18962E-02

RATIO
1.146
1l. 054
1.028
1.034
1l.027
1.043
1.019
1.031
1.023
1.031
0.999
1.005
1.018
1.016
1.015
1.015
1.015
1.015
1.015
1.015
1.015
1.015
1.016
0.993
1.015
1..015
1.018
1.015
1.015
1.015
1.014
1.015
1.015
1.015
1.015
1.016



64T

RUN 121474 4k DISCRETE HCLE RIG *%% NAS-3-1433¢ STANTCN NUMBER DATA
TADB= 19.34 DEG C U INF= 16.71 M/S TINF= 19.22 DEG C
RHO= 1.215 KG/M3 VISC= 0.14814E-04 M2/S XvC= 13.0 CM
cp= 101l. J/KGK PR= 0716
*k ¥ 2900STEP40 M=0.4 1TH=0 P/D=10 bk
PLATF X RE X T0 REENTH STANTCN NO CST DPEEN M F T2 THETA DT+
1 1.7.8 0.12945E 07 20.50 0410312E 03 0.359E82E-02 Q.754F~C4 2e
2 132.8 0.13518E 07 39.°f2 0d28954F 03 0.2G068E-02 0.695FE-04 5. 0.39 0.,0032 21.08 0.165 0.027
3 137.9 0.14091lE 07 20.48 0i48118E 03 0.27312%-02 0.684E-04 6. 0.00 0.0032 30i48 0.165 0.028
4 143.0 0.14664E 07 20.50 Q166196E 03 0.25277€E-02 0.668E-04 8. 0.39 0.0031 2136 2.190 0.027
5 148.1 0.15237E 07 20.%2 C£48401CE C3 0.25057E-02 0Q.666F-04 9. 0.00 0.0031 30152 0.190 0.027
6 153.2 0.15811E 07 30,50 0:.10138E 04 0.23663E-02 0.65TE~04 10. 0.39 0.0032 21i34 0.188 0.027
7 158+2 0,16384E 07 20.%4 C:L1840E 04 0.22745E-02 0.656E-C4 11. 0.,00 0.0032 30454 0.138 0.027
8 163.3 0.16957E 07 320.48 Cal3520E 04 0.22879€~-02 0.653E-C4 12. 0.329 0.0031 21 a4 0.194 0.027
S 168.4 0.17530E 07 30.50 0s15174E 04 0.22646E-02 0.650E-04 13. 0.00 0.0031 30450 0.194 0.028
10 173.5 0.18103E 07 30.4% 0:16804E 04 0.22033E~-02 0.£50E-04 14. 0.3% 0.0032 21i40 0.194 0.027
11 178.6 03.18676E 07 20.°%0 U-18416E 04 0.21898E-02 0.646E-04 14, 0.00 0.0032 30150 0.194 0.028
12 183.6 0.19249E 0T 30.48 0420003 04 0.21117€-02 0.642E-04 15, 0.41 0.0033 2la.42 0,196 0.027
13 187.5 0.19685E 07 20.%¢ 0:21299E 04 0.21801e-02 0.782E-04 16.
14 190.1 0.19980E 07 20.48 04223108 04 0.21610E-02 0.77TTE-04 16.
15 192.7 0.20275€ 0T 20.80 0222947E 04 0.214S7E-02 0.782E~04 16.
1¢ 195.4 0.20572E 07 20.8C Gs2357SE 04 0.21272E-02 0.763E~04 16.
17 198.0 0.20B69E 07 30.82 0:24207E 04 0.21206E-02 0.763E~C4 16.
18 20046 Qe.czl164E 07 30.79 0i2482SE (4 0.2C937E-02 0.754E-04 16.
16 203.2 0.21459E 07 20.77 0425443E 04 0.20631E-02 0.737E-04 16.
20 205.8 3.21754E 07 :J.E4 £426057E 04 0.20870E-02 0.750E-04 16.
21 208.5 (C.22049E 07 30.77 C12686G6E 04 0.20546E-02 0.734E-04 16.
22 211.1 0.22345E 07 Z0.E4 04272732E 04 0420377E-02 D.744E-04 16.
23 213.7 0.2264GE 07 Z0.7%5 CL2TEESE 04 0.16918E-02 0.727E-04 16.
24 21643 0.22936E 07 20.61 0.284585 04 0. 19993E-02 0.724E-04 16,
25 218.9 0.23233E 07 320.13 042905%4E 04 3420324E-02 0J.744E-04 17.
26 221.6 0.23528E 07 Z0.¢9 04286548 04 0.20281E-02 Q.776E-04 17.
27 224.2 0.23823E 07 29.62 04302528 04 0.2C191E-02 0.690E-04 17.
28 226.8 0.24118E 07 2C.11 0é30850E 04 0.20235E-02 0.77BE-04 i7.
29 229.4 0.24414E 07 20.€3 Q0i31448E 04 0.20237E-02 0,719E~-C4 17.
30 222.0 ©0.2470%E 07 21.02 0432047 04 0.2C300E~02 0.T50E-0% 17.
31 234.6 0.25004E 07 2l.02 0.32642E 0% 0.16949E-02 0.728E-04 17.
32 237.3 J.25301E 07 Z0.E8 0433227 04 0.19655E~02 0.718E-04 17.
33 239.9 0.25597E 07 30.80 0+338L11E 04 0.168G8E-02 0.728E-04 17.
34 242.5 0.258%2E 07 20.57 0s34396E 04 0.16691E-02 0.703E-04 17.
35 245.1 0.26188E€ 07 :0.176 0.34576E 04 0.16543E-02 0.737E-04 17.
3¢ 247.8 Q0.26483E 07 20.54 0:35548F 04 0.16203E-02 0.785F=04 17.

UNCERTAINTY IN REX=28658.

UNCERTAINTY IN F=0.05034 IN RATIO



041

RUN 121274=2 *%% DISCRETE HOLE RI6 *%* NAS~3-1433¢

TACE= 19.92 DEG C UINF= 1¢.77 M/S
RHO= 1.20€ KG/M3 VISC= 0.14946E-04 F2/S
CcP= 1011. J/KGK PR= 04715
*Ex 2900STEP40 M=0.4 TH=1 °P/D=10 k%
PLATE X REX T0 REENT +
1 127.8 0.1287¢€E 07 32.47 0498512E 02
2 132.8 0.13446E 07 32.45 0427435E 03
3 137.9 0.14017€ 07 :22.47 0457405E 03
4 143.0 0.14587FE 07 32.45 486107 03
€ 148.1 Q0.15157E 07 22.45 0411340E 04
6 153.2 0.15727E 07 32.43 0414005E 04
7 158.2 0.16287E 07 :2.45 0:16819E 04
8 163.3 0.16867E 07 =2.43 041960SE 04
9 16B.4 0.,17437E 07 32.45 0122115E 04
10 173.5 0.18007E 07 22.45 C424592E 04
11 178.6 0.18577E 07 22.43 0.27256E 04
12 183.6 0.19148E 07 322.43 0i298S97E 04
13 187.5 0.19581E 07 22.34 0a32164E 04
14 190.1 0.19B75E 07 :2.16 0434200E 04
15 192.7 0.20168E 07 22.43 0434735E 04
1€ 155.4 0.20463E OT7 322.43 0435272E 04
17 198.0 0.20758E Q7 Z2.4E% Ca35811C 04
18 200.6 0.21052E Q7 22.329 0i36350E 04
19 203.2 0.21345E 07 22.32 0.368B7E 04
20 205.8 0.21639E 07 322.39 0137427E 04
21 208.5 0.<1933E 07 32.34 0437967 04
22 21l.l 0.22226E 07 22,37 04385026 04
23 Z13.7 0.22520E 07 =2.26 0139036E 04
24 216.3 0.22815E 07 Z2.24 0#39563E 04
25 218.9 0.23110E 07 32.28 Ci40097E 04
26 22146 0.234D4E 07 :2.28 0L40€3TE G4
27 224.2 0.23697E 07 21.28 D141168E 04
28 226.8 0.23991E 07 :z2.2¢ Q441T00E 04
29 229.4 0.24284E 07 22.18 0.422317€E 04
30 232.0 0.24578E 07 :2.53 0i42T77E 04
31 234.6 0.24872E 07 322.%3 04,43314E 04
3z 237.3 0.25167E 07 Z22.20 0443850E 04
33 239.9 0.25482E 07 :2.32 0444384E 04
34 242.5 0.25755E 07 22.07 0444916E 04
35 245.1 0.26049E 07 :2.28 Ci45446C 04
36 247.8 0.25343E 07 £2.05 0145G72E 04

UNCERTAINTY IN REX=28506.

TINE=
XVC=

15.80
13.0

STANTCN NO
0.34558E-02
0.27126E-02
0.24306E-02
0.22676E-02
0.21162E-02
0.20436E-02
0.19950E-02
0.15446E-02
0.1€8419E-02
0.16267E-02
0.17890E-02
0.17434E~02
0.1771¢E-02
0.18056E-02
0.1€83CIE-C2
0.18286E-02
0.18336E-02
0.18335€-02
0.1€248E-02
0.18416E-02
0.1€225E-02
0. 1€227E-02
0.18065E-02
0.17813%-02
0.18484€-02
0.18284E-02
0.17867E-02
0.1€306E-02
0.18243E-02
0.18463E-02
0. 18098E~-02
0.18325€-02

‘0.1E064E-02

0.18076€E-02
0.18039E-02
0.17720£-02

STANTCN AUMBER DATA

DEG C
CcM

DSY
0.668E-04
0.613E~-04
N.594E-04
0.584E-04
0.57T6E~-04%
0.572E~-04
0.569E-04
0.567E-04
0.561€-04
0.560E-04
0.559E~04
0.557€E-04
0.639E~-04
0.653E-04
0.669E-04
0.660E-04
0.664E-04
0.664E-04%
0.652E-04
0.6656-04
0.654E-04
0.666E-04
0.655E-04
0.652E-04
0.672E-04
0.698E-04
0.701E-04
0.649E-04
0.681E-04
0.664E~04
0.662E-04
0.664E-04
0.643E~0C4
0.67T9FE-04
0.720E-04

UNCERTAINTY IN F=0.05034 IN RATIO

DREEN

M

0. 35
0.00
0.35
0.00
0.39
0.00
0.33
0.00
0.39
0. 00
0.36

0. 0028
0.0028
0.0029
0.0029
0.0031
0.0031
0.0027
0.0027
0.0031
0.0031
0.0029

T2

31,86
32.47
314131
32445
31454
32145
31467
32.45
31439
32.43
3li16

THETA

0.953
0.953
0.910
0.910
0.929
0.929
0.939
0.939
0.916
0.916
0.899

D4

0.02%
0.025
0.024
0.025
D.024
0.025
0.02%
0.025
0.024
0.025
0.024



Rig:

RUN 121474

*xEx

2900STEP4O

*ex DISCRETE HOLE RIG *%% NAS-3-1433¢

P=C.4 TH

RUN 121274-2 #%* DISCRECTE HOLE RI€ **% NAS-3-14336

¥k

2900STEP4O

M=0.4 Th=1

STANTON MUME™R DATA

=0 P/C=10

kick

STANTON HUMBER [CATA

LINEAR SUPERPOSITION IS APPLIED TO STANTON NUMBER [ATA FROM

" RUN NLMBERS 121474

PLATE  REXCOL

1 - 1294474.0
2 1351789.0
3 1409105.0
4 1466421.0
5 1523736.0
6 1£581052.9
7 1638367.0
8 16956€832.0
9 1752999.0
- 10 1810314.0
11 1867630.0
12 1924546.0
13 1%68506.0
14 1598023.0
15 2027%41.0
16 2057201.0
17 2086862.0
18 2116380.0
19 21458597.0
20 2175415.0
21 2204933.0
22 2234450.0
23 2263568.0
24 2293628.0
25 2323289.0
26 23526017.0
27 2382224.0
28 2411842.0
- 29 2441360.0
307 2470877.0
© 31 2500395.0
32 2%30056.0
33 2559716.0
34 2589234.0
35 2618752.0
36 2648269.0

STANTCN NUMBER RATIO BASEB ON STHPR*80.,4=0,0295%REX®¥ (= 2)# (] .~ (XI/{X=XVO))*%0.5)%k(=1,./9.)

RE DELZ2

103.1
290.7
455.2
609.5
758.4
903.4
1044 .4
1183.3
1319.5
1453.5
1585.3

1714 .6

1811.9
1879.1
1545.5
2011.2
207643
2140.8
2204.3
2267 .5
2330.6
2392.9
2454 .0
2514.6
2575.8
2637.4
2698.9
2760.4
282L.8
2883.3
2944 .2
3004 .0
3063.8
3123.6
3182.9
3241.3

ST(TH=0)

0.003598
0.002947
0.002754
J.00258S
0.002609
J3.€02450
0.002471
0.00237¢
0.0023175
0.002303
0.G02257
0.002212
0.C0228%2
0.002258
3.002237
0.002209
0.0021%8
0.002165
0.002128
0. 002152
0.002118
0.002097
0.002042
0..002059
0.002083
0.002083
0.002083
0.002G77
0..£02078
0.002080
0..002046
0.002002
0.002040
0.00201a
0.001955
0.001961

REXHOT

1287625.0
124463840
1401650.0
1458662.0
1£15675.0
1572687.0
1£25700.0
1686712.0
1743725.0
1800737.0
1£57745.0
1914762.0
1958091.0
1587453.0
2016814.0
2046318.0
2075822.0
2105183.0
2134545.0
2163906.0
2192268.0
2222629.0
2251990.0
2281494.0
2310998.0
2340359.0
2369721.0
2399082.0
242B444.0
2457805.0
2487167.0
2516670.0
2546174.0
2575536.0
2604897.0
2634258.0

RE DEL2

SE.5
274.0
5€0.4
813.7

1159.2
1438.0
1720.1
2016.4
22717.8
2532.¢
2811.6
3087.9
2329.4
3548,.4
3600.¢
26£13,2
3705.9
375848
3811.¢
3864.7
2917.7
3970.4
4023.0
4075.0
4127.¢
4180.9
4233,2
4285.6
4338.5
4391,.8
4444, 8
4497.1
4550.6
4603.1
4655.6
4707.6

ST(TH=1)

C.00345¢
0.002791
0.032412
0.002244
0.002061
0.0120)8
C.C01555
J.021514
0.001808
€.00179¢C
0.001743
0.00169¢
G.001718
0.001760
0.021790
0.00175¢C
0.221737
0.001800
0.001794
0.001817
0,001792
€.00179%
0.001783
0.001753
0.001825
0.001803
0. 001757
0.001806
0.001799
0.001823
0.00178é6
0.001815
0.001783
0.001787
0.001784
0.001753

P/0=10

iR

ET4

‘YUUUY
0.084
0.136
0a133
0,208
Q.18
0,207
De194
04239
0.223
04242
04233
04250
03221
0.200
04190
04183
0169
04157
0156
04154
04144
04127
0.149
0,124
04134
0s157
04131
04135
0dlzé
04127
04093
Dal26
04112
04106
04106

AND 121274=2 TO OBTAIN STANTCM AMUMBER L[ATA AT TH=) AND TH=l

SYCe

1.007
0.780
0.827
0.826
0.880
J.863
0.903
J).896
0.921
0.915
0.933
0.916
0.963
0.957
0.956
0.952
0.955
0.948
0.939
0.956
0.947
0.944
0.926
0.939
0.956
0.962
0.967
0.970

0.976"

0.982
0.971
0.955
0.978
0.970
De 966
0.953

STAMTON NUMBER RAVIO FOR TH=l IS CENVERTED TO COMPARABLE TRANSP IRATION VALUE
USING ALOGCL « B3/ EXPRESSICN IN THE BLOWN SECTICN

F-COL

0.0992
0.0032
0.0032
0.0021
0.0031
0.0032
0.0032
0.2031
0.0031
J.2032
0.0032
0.0033

874

Je G567
€.230
8.931
0.522
0.857
0.855
0.852
C.849
0.81%
.82
D.BJ9
0.798
8.816
D. 841
0.860
0.865
0.873
0.879
0. 881

0.896 -

0.888
0.89%
0.892
0.881
D.921
0.914
8.894
0.523
0.923
8.939
8.923
8.942
08.928
8.934
0.936
8.923

Taqav

0.3
0.0023
0.0028
0.002¢
0.3029
0.0021
0.2031
02927
0.3027
023721
0.0031
0.0029

L3G3

l.%67
1.431
l.42%
1.397
l.364
l.419
1.428
1.35¢
l.328
1.417
l.413

1.37%

S



24T

RUN
TALB=
FHO=
cP=
ek %k

FLATE

e
0O VO~ SN

e
w A

121674-1 *%% DISCRETE HOLE RIG *%*x NAS-3-1433¢

20.15 DEG C
1. 206 KC/M3
1011. J/KGK
2900S8TEPTS
X REX
127.8 0.12775€E
132.8 0.13340E
137.9 0.13G06&E
143.0 0.14471F
148.1 0.15C37€
153.2 9.15603E
158.2 0.15168E
163.3 0.15734F
168.4 0.17299E
173.5 0.17865€
178.6 0.18431C
183.6 0.18996¢E
187.5 0.15426E
190.1 0.19717€
162.7 G.20009€E
195.4 0.20301E€
198.0 0.208594E
200.6 0.20885E
203.2 0.21177¢
205.8 0.21468C
208.5 0.21759E
¢ll.l C.22051E
213.7 0.22342E
216.3 ).2263EE
218.9 0.229217F
22l.6 0.23219E
22442 0.23510E
22648 0.23801E
229.4 0.24083E
2320 0.24384F
234 .6 0.24615E
237.3 0.24968E
239.9 0.25261F
242.5 0.25552E
245.1 0.25843€
247.8 0.26134E

UINF=

VISC= 0.14957E-04

PR=

M=0.75 TH=0

T0
07 320.79
C7 30.79
07 30.¢£2
07 =0.E€0
07 30.82
07 323.¢€0
07 30.80
07 2).79
07 30.78
07T :=0.80
07 30.80
07 20480
07 20.%2
07 20.138
7 23.73
07 30.75
27 2317
07 Z0.171
07 20.79
07 20.71
07 Z:0.€0
07 Z20.73
Q7 Z:d.°%¢
07 ?20.73
07 20.€9
07 29.¢4
07 :0.71
07 20.65
07 :Z2l1.60
07 Zz1l.02
07 20.86
Q7 2J.€2
07 30.57
07 20.77
07 20.5¢

UNCERTAINTY IN REX=282381.

18.65 ¥/
M2
0iTl6

F/0=10

REENTH
0410311E
0429060E
0i48861E
Ca68C57E
0.87280E
Qal10591E
0112415E
0ila223E
0il6041E
04il17831¢€
0419595E
0.421348E
422777
0i23892E
0424592E
0:25282F
0425965
0426 645E
0427316E
0427582E
0.28650F
Cs2930¢E
0e29954E
0430594E
0431240E
0431889E
0432535€
0433182E
0+33829F
0434477E
0435120E
04s35752€
0436386E
0437021F
Ci37652E
0438272E

S
/S

L3 1

STANTON NUMBER DATA

TINF= 20.03 DEG C

XVe= 13.0 CM

STANTON NO DSTY
0.36459E-02 0.799E-04
0.2837€-02 0.741E-04
0.257T17E-02 0.738E-04
0.276S4E-02 0.723E-04
0.2717345-02 0.722E-04
0.255S1E-02 0.707E-04
0.2€6453E-02 0.713FC4
0.25023E-02 0.704E-04
0.25107€~02 O0.705E-04
0.23978E-02 0.695E-04
0.244475-02 0.699E-04
0.22545E-02 0.692E-04
0.243G65E-02 0.867E-04
0.24120E-02 Q.871E-04
0.22861E~-02 0.BT73E-04
0.22486%-02 0.849E-04
0.23377E-02 0.848BE-04
0.23234E-02 0.843E-04
ND.22763E-02 0.820E-0%
0.22014E-02 0.833E-04
0.22713E-02 O0.B8l7E-04
0.224206-02 0.824E-04
0.2184%9E-02 0.806E-04
0.22039E-02 0.801E-04
0.22280E-02 0.823F-04
0.22198E-02 0.853E-04
0.22158E-02 0.768E-04
0.22253E~02 0.859F-04
0.22031E-02 0.792E-04
0.22393E-02 0.829E-04
0.21750E-02 0.800E-04
0.215686-02 0.791E-04
0.21851F-C2 0.806E-04
0.21700E-02 0.780E-04
0.21565€6-02 0.816E-04
0.20969E-02 (.860E-04

UNCERTAINTY IN F=C.(5035 IN RATIO

DREEN
2.
-

10.
13.
15.
17.
15.
20.
22
23.
25.
26.
26.
26.
27.
27.
27«
27.
27.
27a
27.
27.
27.
27.
27
27.
27.
27.
27.
27.
27.
28.
28.
28.
28.
28.

M

0.78
0.00
0.78
0.00
0.78
0.:00
0.78
0.00
0.78
0.00
0.78

F

0.0063
0.0063
0.0063
0.0063
0.0063
0.0063
0.0063
0.0063
0.0063
0.0063
0.0063

T2

20492
304 82
21410
30482
2109
30480
21i24
30479
21322
30i80
21326

THETA

0.083
0.083
0.099
0.099
0.098
0.098
0.112
0.112
0.110
0.110
D.114

DTH

0.028
0.029
0.028
0.029
0.028
0.029
0.028
0.029
0.028
0.029
0.028



€4t

RUN
RHC=
cp=
Aok

PLATE
1

(Yol BEN e JRV BN JUTLN X )

10
11
12
13
14
15
16
11
18
18
20
21
22
23
24
25
2¢
27
28
25
30
31
32
33
34
35

T INF=
XvC=

STANTCN NO

0.34456€-02
0.27876E-02
0.27609E-02
0.25065E-02
0.24254E-02
0.224C6E-02
0.22047E-02
0.21202E-02
0.21389€-02
0.20576E-02
0.205455-02
0.158719E-02
0.20977E-02
0.21306€E-02
0.21065E-02
0.21043E-02
0.20993E-02
0.2C72 8E~-02
0.20414E-02
0.2C935€E-02
0.20274E~02
0.20275E-02
0. 19936E~-02
0.19642E-02
0.2C366E-02
0.20105€E-02
0.19648E-02
0.20212E-02
0.158%1E-C2
0.20371&-02
0.16833E-02
0.19645E-02
0.20265E-02
0.19535E~02
0.15614E-02

121674-2 *&x CISCRETE HCLE RIG *#«* NAS-3-14336
TADB= 19.63 LEG C U INF= 16.64 M/8
1.208 KG/M3 VISC= 0.14S11E-04 M2/S
1011. J/KGK PFR= 0.716
2900STEP?5 M=0.75 TH=1 P/D=10 *k ¥k
X RE X TO REENTH
127.8 0.12802E 07 Zl.55 02974654 02
132.8 0.13389€ 07 :l.E7 0427431E 03
137.9 0.13936E 07 3l.55 0a77&72E 03
143.0 0.14%02€ 07 Z21.°%59 0412712 04
148.1 0.1506%E 07 :1.57 Cal7526E 04
153.2 0.15636E 07 21.57 0422264E 04
158.2 0.16283E 07 :z1.5%5 C.26594E 04
163.3 0.16770E 07 21.57 0.31690E 04
168.4 0.1733¢E 07 Z1.%9 0436227€ 04
173.5 0.17902E 07 321.55 0440946E 04
178.6 C.18470E 07 Zl.¢€3 Co45434E 04
183.6 0.19037& 07 :21.€1 0.49901E 04
187.5 0.194&8E 07 Z:1.320 0454080E 04
190.1 0.19760E 07 21.09 0458006E 04
192.7 0.20052E 07 :l.44 C.58625E 04
195.4 0.20345E 07 3l.44 0.59240F 04
198.0 0.20638E 07 Z1l.46 La59855E 04
200.6 0.20930E 07 :Zl.44 Ci6048€4E 04
203.2 0.21222E 07 21l.42 0161066E 04
205.8 0.21514E 07 Zl.44 Ci161670E 04
208.5 0.218D6E 07 321l.42 04:62272E 04
‘211.1 0.22098E 07 32l.47 0.62E65E 04
213.7 0.22390E 07 21.326 04634528 04
21643 0.22683E 07 :l.28 0164031 04
218.9 0.22976¢E 07 21.38 0464615 04
221.6 0.2326BE 07 2l.34 0d65207E 04
224.2 0.23560E 07 320.:3 Ca65788E 04
226.8 0.23852E 07 :l.36 0466370E O4
229.4 0.24144E 07 Z=1.30 0166956E 04
232.0 0.24436E 07 :1.6€3 0467544E 04
234.6 0.24728E 07 £1.£€5 0i68132E 04
2373 0.25021E 07 Zl.44 Ci6B70SE 04
239.9 0.2521&5E 07 31.3C 0469292 04
242.5 0.25607F 07 21.19 0469874E 04
245.1 0.25898E 07 21.40 0s70446E 04
247.8 0.26190E 07 2l.21 Q171012 04

36

UNCERTAINTY IN REXx=28341.

0.19144E-02

STANTCN NUMBER CATA

16.51 DEG C
13.0 CM

CsT
0.702E-04
0.£50E-04
0.649FE-04
0.630E-04
0.625E-04
0.614E-04
0.612E~-04
0.606E~04
0.607E-04
0.602E-04
0.600E-04
0.597€~-04
0.742E-04
0. 759E~-C4
0.756E-04
0.753E-04
0.754E-04
0. 746E-04
0.729E-04
0.747E-04
0.725E-04
0.738E-04
0.723E-04
0.713E-04
0.741E-04
0.764E~-04
0.672E-04
0.771E-04
0.708E-04
0.747E-04
0.724E-04
0.715E~04
0.732E-04
0.699E-04
0.734E-04
0.774E~04

UNCERTAINTY IN F=20.05035 IN RATIO

DREEN

2.
10.
17.
22.
26,
30.
33-
36.
39.
41.
43.
45.
46.
46.
46.
46.
46.
k6.
46.
47.
47.
&7.
47.
47.
47.
47.
47.
47.
47.
47.
47.
47.
47.
47.
47.
47.

M

0.7%
0.00
0.75
0.00
0.76
0.00
0.75
0.00
0.75
0.00
0.77

F

0.0060
0.0060
0.0060
0.0060
0.0061
0.0061
0.0061
0.0061
0.0061
0.0061
0.0062

T2 THETA

31481
31355
31159
31457
31155 0,998
31455 0.998
31.48 0.992
31459 0.992
31414 0.963
31463 0.963
30292 0.943

1.020
1.020

1.000

1.000.

DTH

0.026
0.026
0.026
0.026
0.026
0.026
0.026
0.026
0.026
0.026
0.025



nGT

RUN 121674-1 *k& DISCRETE HOLE RI1G %k NAS—3-1423¢ STANTON NUMBER DATA
| wxx 2900STEPTS N=CT5 TH=0  P/DEL0 mew

RUN  121€74-2 %%= DISCRETE HCLE RIE ®»% NAS-3-14336 . STANTCN NUMBER DATA
sxk  2900STEPTS M=0.75 ThHel P/D=10 ks

LINEAR SUPERPOSITION IS APPLIEC TO STANTON NUMBER [ATA FROM
RUN NUMBERS 121¢74=1 AN 121¢€74~2 10 OBTAIN STANTCM NUNBER CATA AT TH=0 AND TH=1

PLATE REXCOL RE CEL2 ST(TH=0) REXHOT °FE DEL2 ST(TH=1} FTa STCR F-COL STHR =-4071 L1362
1 1277451.0 103.1 0.C03646 1280184.0 S57.7 C.003446 UUIIJU 1.020 7.0000 Q. 564 0.2023 J.964%
2 1334013.0 291.1 0.(GC3001 1236867.0 274.4 0.032792 0.070 0.792 0.0063 1.012 0.0060 1.892
3 1390575.0 460.5 0.002990 139355040 770.3 0.002765 0.075 J.883 0.00€3 1.065 0. 2062 2,200
4 1447137.0 624.2 0.0027¢5 1450233.0 1258.2 €.€2250¢ 0.102 0.890 0.0063 1.007 0.2060 1.97¢
5 150365%5.0 782.7 0.0€02812 1506916.0 173947 Q.0uU2425 04137 0.946 0.0063 1.005 0.00690 2.000
6 1E6)261.) S35.6 J.002554 1563599.) 221346 C.002240 Q4136 9J.912 0.0063 0.952 0.00¢1 1.977
7 1615823.9 1085.2 0.002693 1620282.0 26€7.2 C.002204 J.182 0.982 0.0063 0.958 0.2061 2.003
8 1673385.2 1233.4  J.L02547 1£76965.N 3157.2 9.)1)2118 J.168 D.S59 Je1063 c.s38 0.00¢1 1.963
9 1729647.0 1377.8 J.002558 1732648.0 2623.5 C.00213€ 0.165 0.939 V. 0063 0.962 0.3061 2.036

10 17865C8.0 1519.1 0.€02441 17S0321.2 438723 D.0)2045 N.161  2.G67 7.D2€3 C.C37 0.09¢1 2.71¢9
11 1843070.0 1558.8 0.C0249% 1€47Cl4.0 4548. ¢ U.00203& 0.183 1.011 0.0063 0.945 0.00¢61 2,042
12 1899¢€32.0 1767.3 02.C02403 1902697.0 £007.1 G.071967 0v.181 0,992 J.00¢€3 0.625 0.0062 2,046
13 1642€20.0 1501 .5 (J.0024E5 1%4£776.0 £444.2 C.002079 0.164 1.041 0.986
14 1¢7174G.0 1973.5 2.00244G 1575568.0 5856.3 0.00211% 0.137 1.035 1.009
15 203387¢&.9 2344.5 (3.002423 2038160.0 £517.8 0.032091 04137 1.033 1.004
16 2030149.0 21l14.¢ 0Q.C0ec381 2034493.0 £678.¢ C.002091 9:l22 1.024 1.009
17 205942C.0 218348 1).C02270 2063282¢€.0 63239.5 D.2J238¢ 0.123 l.227 1.012
18 2088545.0 2252.8 0.002357 20932018.0 €1C0.5 (0.002056 0.126 1.02¢9 1.004
13 211767€.0 2320.8 J.0023(8 2122213.0 €160.2 0.932228 04121 1.9215 7. 695
20 2146808.0 2388.4 04002229 21£14Cl.0 €220.3 C€.0)2382 0N.106 1.032 1.026
21 z115¢3€.0 2456.0 0.002304 2180593.0 €280.1 G.002914 0V.126 1,028 0.997
22 2205C67.0 2822.7 0.(0C2271 22(C<785.0 €336.C C.0J2015 (Q.l12 1.020 1.003
23 2234196.0 2588.0 0.002210 2238977.0 €367.4 C.0U1682 0.103 0.9¢%° 3,931
24 2263467.2 2652.8 04002236 2268310.0 45445 0.001951 0.128 1.017 0.979
25 2292138.0 27183 0.C02254 2297643.0 ¢€513.¢ G.002026 0,101 1.032 1.021
26 2:21867.0 278349 2.002248 2326835.0 €571.8 J.)I1696 J.111  1.935 1.012
27 2350696.0 2849..5 0.002249 2356027.0 €629.6 0.001951 04133 1.042 0.592
28 2380126.0 2915.2 0.C022£52 2385218.0 EECT4 04032310 24108 1.949 1.02¢
29 2409256.0 2980.5 0.002222 2414411.0 6745.7 €.001677 0.ll4 1.045 1.013
30 2438385.0 3046.1 0.002266 244260Z.0 €B04.2 C.00202¢ 04106 1.967 1. 042
31 2467514.0 2111.3 0. CG22C1 2472794.0 €662.6 C.0ON1973 0,104 1.042 1.019
32 2496185.0 3175.2 0.0C02185 2502127.0 £920.0 G.0016t4 0.106 1,039 1.013
2 2£26C56.0 3238.2 0.0022C¢ 2531461.0 €578.C 0.002018 04085 1,055 1.050
34 2555185.C 3303.5 0.002199 2560652.0 - 7025.5 0.001941 2117 1.)5¢ 1.014
35 2584314.0 3367.4 0.002185 258%9844.0 1062. €8 C.001%50 04107 1.9255 1.022
36 2613444.0 3430.2 0.002121 2616036.0 7145.1 0.001%04 0.122 1.029 1.001

STANTCN NUMBER RATIO BASEL ON STHPRAX0.4=0.0295*%REN*k (=21 # {la={XI/{(X=XVD )} %20,9) *x(-1./9.)

STANTON NUMBER RATIO FCR TH=1 IS CENVERTED TO COMPARABLE TPRANSPIRATIIMN VALJE
LS ING ALOG{1 + B)/8 EXPRESSION IN THE BLOWN SECTION



6at

RUN 092074 VELOCITY PRCFILE

REX

xvo

UINF
vISC
PORY
xLoc

oot oo

Y{CM.)

0.025
0.028
0.030
0.033
0.038

0,046
0.056
0.C69
0.084
0.102

0,122
0. 145
0.170
0.201
0.236

0.277
0.323
0.373
0,437
0.513

0.615
0,742
0. 894
1. 046
1.199

1.351
1. 504
1.656
1.808
l.961

24113
2,266
2.418
2.57¢C
2. 723

0.74658E Q6

0.154

Y/DEL

0.011
0.012
0.013
0.014
0.0l6

0.019
0.023
0.028
0.035
0.042

0.051
0.060
0.071
0.083
0.098

0.115
0.134
0.155
0.181
0.213

0.255
0.308
0.371
0.435
0.498

0.561
0.624
0.688
0.751
0.814

0.878
0.941
1.004
1.067
1.131

10.07
9,78
19€-04
9
127.76

C¥e
M/S
M2/

Cr.

REM =

DELZ =
DEL99=
S ODELL =
H -

1348,

Q0.291 CM,
24408 CM.
0.410 CM.
l.407

CF/2 = 0.18480E-02

UtM/S) U/UINF Y+

3.31
3.42
3.57
3.63
4,01

4.35
4.79
5.09
5.38
5.58

5.79
5.91
6415
6.21
6.38

6.53
6.71
6.86
6.98
T.16

7.40
Te64
795
8.117
8.40

8.632
8.86
9.03
9.21
9.38

9.50
9.62
9.71
9.75
9.78

0.338 6.9
0.350 T.0
C.365 8.3
C.371 9.0
0.410 10.4

C.444 12.5
0.489 15.2
0.520 18.7
C.550 229
C.570 271 .7

0.592 3342
0.60% 39.5
0.629 46.4
0.641 5.7
0.652 64.4

Ce667 7545
0.686 88.0
C.701 10l.8
0.714 119.1
0.732 139.9

0.756 167.6
G.781 202.3
0.813 243.8
C.835 285.4
0.859 326.9

0,882 368.5
C.906 410.1
0.923 451.6
0.942 493.2
0.959 534.7

0.971 570.3
0.983 617.8
0.992 659.4
C.997 701.0
1.000 742.5

U+

7.87
B.l"
8.50
8.03
9.54

10.34
11.38
12.10
12.80
13.26

13.78
14405
l4.04
14.91
15.18

15.5¢
15.95
16.31
16.61
17.03

17.59
18.16
18.91
19.44
19.98

20.52
21.00
21.48
21.91
22.31

22.60
22.87
23.08
23.20
23.26



96T

RUN 052074 *%3x DISCRETE HOLE RI€ *%% NAS-=3-14336
TACB= 23.61 DEG C UINF= 3,77 M3 TINF= 23,57
RHO= 1,177 KG/M3 Y ISC= 0.15419E-0% M2/S XvVg= 3.6
CP= 1015, J/XKGK PR= 04717
R 1900STEPFP P/7D =5 TNk
FLATE X REX T0O FEENTH STANTON NO
1 127.8 Q0.78737E 36 3T.16 0+65656E 02 0.407786-02
2 132.8 C.E1SS88F 06 37.20 03187248 03 0.34731E-02
3 137.9 0.85178F 0¢é¢ 37.2C 0.29626E 03 0.2297€E-02
4 143.0 0.8B3398E 06 3=7.16 Ci4CLBIE 03 0.31954E~G2
5 148.1 0451619t 06 37.18 0.50159E 03 0.20636E-02
€ 153.2 0.548639E 06 27.20 ¢J59833E 03 02944 75-02
7 158.2 0.930593E 06 37.18 0:i69291E 03 0.2S288E-02
8 163.3 0.101238E 37 :Z27.16 3478585E 03 0.28434E5-02
9 168.% 0.10450E 07 237.16 0487605€E 03 0.275€€£E-02
10 173.5 0.10772€ D7 27.16 0496433F 03 0.272418-02
11 17846 0.,11094E 07 27.16 C+105C7E 04 0.2€366E~-02
12 183.6 0.11416E Q07 27.20 0111354E 04 0.26182E-02
13 187.5 0.11661F 07 :7.11 Q411SE7E Q4 0.25477€~02
14 190.1 0.11837E 07 37.07 0:12406F 04 0.25045E-02
15 192.7 0.1i993€ 07 27.27 (412814E 04 0.24022E£-02
1¢ 1S5.4 0.1215%E 07 27.35 0i13211E 04 0.23869E-02
17 198.0 0.1222£6E Q07 37.323 041360SE Q4 0.23935E-02
18 200.%6 0.12492E 07 37.23 0il14004E 04 0.236475-02
16 203.2 0.12658E 07 :7.:l1 C1143S3E 04 0.23299E5-02
20 205.8 0.12823E 07 37.43 0.14781E 04 0«23410E-02
21 208.5 0.12989E 07 237.37 Q04151678 04 D.230248-02
22 211.1 0.13155E 07 27.4% (415547E 04 0.228175-02
23 ¢l3.7 0.13321E 07 37.39 0.15924E 04 0.22546E-02
24 216.3 0,.1348BE 07 27.4S Cal6301E 04 0.22834E-02
25 21869 0.13654F 07 :7.43 0416678E 04 0.22599F=-02
26 Z21.6 0Q.13829E 07 37.:1 0417L51E C4 0.22380%-02
27 224.2 0.13986E 07 36,31 Cel7432E 04 0.22425E-02
2B 225%.8 0.1415ZE 07 27.327 0i17809E 04 J.22071E-02
29 22%.4 0.1%318E 07 37.20 0418179E 04 0.22524E-02
3C 232.C 0.14483E 07 37.¢8 C.18551lE 04 )e22182E~02
21 23446 C.14649Z 07 27.¢8 0.18917€ 04 0.218E8E-02
32 Z327.3 0.14816E 07 37.56 0419278k 04 0.21700E~-02
33 239.5 0.1%382F 07 Z7.°%1 Cal1S640E 04 0.21873€E-C2
34 242.5 0415143C 07 27.20 €.20002t 04 0.217055-02
3% 245.1 D.15Z14% 01 I7.49 J.20356F 04 0.2123EE-02
36 247.8 0.15480¢ 07 1?7.14 C.20712% 04 0.21110%-02

STANTON NUMBER DATA

DEG C
CM

DST
0.118E-03
0.109E-03
0.107E-03
0.106E-03
0.104E-03
0.102€-03
0.102E-03
0.101E-03
0.100E-03
0.999E-04
0.989E-04
0.985E-C4
0.102E-03
0.103E-03
6.100E-03
0.983E~-04
0.985E-0%
0.978E-04
0.951€E-04
0.964E-04
0.943E-04
0«556E=~04
0.935E-04
0. 962E-0%
0.546E-C4
0.983E~-04
0.913E-04
J.9825-04
0.919E-04
1 4949E-04
0.G22€~-04
0.515E-04
C.922E-04
0.891F-C4
0.537E-04
0.102E-03

DREEN

10.

ST(THED)
J.34758E-02
0.30547E-02
0.28851E-02
0.27696E-02
0.26842E-02
0.26165E-02
0.25604E-02
0.25123E-02
0.24704E-02
0.24331E-02
0.23995E-02
0.23690E~02
0.23476E~-02
0.23338E-02
0.23205E-02
0.23077€-02
0.22954E-02
0.22835€E-02
0.22721E-02
0.22610E-02
0.22503E-02
0.22399E-02
0.22298E=-02
0.22200F-02
0.22104E-02
0.22012E-02
0.21922€-02
0.21835E-02
0.21749F-02
0.21666E-02
0.21585€E-02
J.21506E~02
0.21428€-02
0.21352€E-02
0.21278E-02
0.212060-02

RATID
l1.173
1.133
l.143
1.154
1.141
1.125
1.144
1.132
1.117
1l.120
1.100
1.105
1.085
1.073
1.035
1.036
1.043
1.036
1.025
1.035
1.023
1.019
1.011
1.029
1.022
1.017
1.069
l.011
1.036
1.024
1.014
1.009
l.021
1.017
1.003
0.995



LST

TINF=
XVC=

z1.18

STANTEN NO
0.42583E-02
0.3€340E-02
0.244ESE-02
0.32402E-02
«21305&-02
0.30258E-02
0.2S7S6E-02
0.29006E-02
0.26074E-02
0.28207F-02
0.27642E-02
0.25825E-02
0.26181E-02
0.24302E-02
0.23014E-02
0.22682E-C2
0.22405E-02
0.21714E-02
0.21093E-02
0.21075E-02
0.2052 €E-02
0.20251€-02
0.158328-02
0.19965E-02
0.15485E-02
0.1578¢E-02
0.20544E-02
0.16373E-02
0.19939E-02
0.19572E~-02
0.15362E-02
0.19287€-02
0.19457E-02
0.1S1 84E-02
0.19044E-02

RUN 0S2274-1 ++% DISCRETE HCOLE RIE **%* NAS-3-14336
TACB= 21.22 DEG C UINF= §.79 M/S
RHO= 1.1832 KG/M3 VISC= 0.15274E-04 M2/S
Cp= 1012. J/KGK PR= 04716
ek 1900STEP4) M=D.4 TH=C P/D35 *kk
PLATE X REX T0 REENTH
1 127.8 0.79629E 06 Z5.41 0«66342E
¢ 132.8 G(.£E28B6E 06 35.41 0ilg786C
2 137.9 0.861%3E 06 35.36 Ci339CTE
4 143.0 0.89400E 06 35.35 0.48597E
5 148.1 0.52657E 06 25.39 046253GE
6 153.2 0.95913E 06 35.37 0.76094E
1 158.2 0.99170E Q06 325.:27 048G3G2E
B8 163.3 0.102%3E 07 35.39 0410295
G 168.4 0J.1056€E 07 35.37 0i11620E
10 173.5 0.10894E 07 35.35 041293CE
11 178.€6 0.11220E Q97 Z25.35 Co14228E
12 183.6 0.11545E 07 25.35 Cs155CTE
13 1E7.5 0.11793E 07 24.63 0416550E
14 190.1 0.11961E 07 Z24.55 0il6874E
15 192.7 0.12128E 07 25.30 0317371€E
1€ 195.4 0.12297E 07 35.30 0:17755E
17 198.0 0.12465E 07 35.21 0418134E
18 200.6 0.12633E 07 35.33 J418505E
19 203.2 0.12801E 07 35.35 0418864E
20 205.8 0.1296SE 07 35.47 011921SE
21 208.5 0.1313¢E 07 -25.45 C219568E
22 211.1 0.13304E 07 35.%2 0.19910E
23 21347 0413472E 07 35.4S 0.20247E
24 21643 0.13640E 07 Z:5.58 G420581E
25 218.9 0.1386%9E 07 3B5.52 0420912E
2¢ 22le6 0.13977E 07 35.39 0121242F
27 224.2 0.14144F 07 324.46 O821E581E
28 22648 0.14312E 07 35.47 0.21916E
2% 229.4 0.14480E 07 325.29 0422246
30 232.0 0.14648E 07 35.15 03422578E
31 234.6 0.14815E 07 35.175 0422904F
32 237.3 0.14984E 07 25.66 0423229E
33 239.9 0.15152E 07 325.¢&0 0423554
34 242.5 0.15320E 07 25.39 0423879E
35 245.1 0.15488E 07 35.52 0124200E
3€ 247.8 O0.15656E 07 25.1¢ 0i2451¢E

UNCERTAINTY IN REX=1¢6284.

0.18828E-02

STANTON NUMBER DATA

DEG C
c™

DST
0.116E-03
0.107E-03
0.105E-03
0.102E-03
0.101E-03
0.997E-04
0.991E-C4
0.981E-04%
0.971€-04
0.967E-04
0.946E~04
0.102E-03
0.995E-04
0.957E~04
0.930E-04
0.922E-04
0.903E-04
0.867E-04
0.872E-04
0.849E-04
0.857E-04
0.833E-04
0.853E-04
0.831E-04
0.878E~-04
0.813E-04
0.874E-04
0.822E-04
0.849E-04
0.825E~04
0.824E-04
0.829E-04
0.799E-04
0.848E-04
0.935E~-04

UNCERTAINTY IN F=20.05299 IN RATIO

DREEN
2.
6.
9.

11.
13.
15.
16.
18.
19,
20.
2l.
22.
23
23.
23.
23.
23,
23.
23,
23.
23.
23.
23.
23.
23.
23,
23.
23.
23.
23.
23.
23.
23.
23.
23.
23.

M

0.40
0.39
0.39
0.39
0.38
0.39
0. 39
0.39
0.37
0. 39
0.39

F

0.0128
0.0127
0.0127
0.0127
0.0123
0.0125
0.0126
0.0125
0.0121
0.0126
0.0125

T2

22406
22449
22440
22439
22442
22356
221054
22155
22357
22158
22158

THETA

0.062
0.092
0.086
0.085
0.088
0.098
0.096
0.097
0.098
0.099
0.099

DTH

0.022
0.021
0.022
0.022
0.022
0.021
0.021
0.021
0.022
0.022
0.022




84T

RUN 092274—2't‘t DISCRETE HCLE RI6 *%xk NAS-3- 14236

TACSB= 21.74 DEC C

RHO=
P=
ek
PLATE X
1 127.8
2 132.8
3 137.9
4 143.0
5 1l48.1
6 153,2
1 158.2
8 163.3
9 168.4
10 173.5
11 178.6
12 183.6
13 1&7.5
14 190.1
15 192.7
16 195.4
17 198.0
18 200.6
1§ 203.2
20 205.8
21 208.5
22 211.1
23 213.7
24 216.3
25 218.9
26 221.6
2T 224.2
28 226.8
29 229.4
30 232.0
31 234.6
32 237.3
33 239.9
34 242.5
3  245.1
36 247.8

1.181 KG/M3
1013. J/KGK

REX
0.7963 8E
0.82895E
0.86152E
0.£89409E
0.92686E
0.S5924E
0.99181E
0.10244E
0.10570E
0.10845E
0.11221E
0.115& 7€
0.11794E
0.11962E
0.12130€
0.12298E
0.12467E
0.12635E
0.12802E
0.12970E
0.13138¢
0.13306E
0.13473E
0.13¢642E
0.13B10E
0.13S78E
0.1414¢E
0.14314€
0.14481E
0.14649€
0.14817E
0.14985€E
V.15154E
0.15322¢
0.15489E

0.15657F .

U INF=
VISC= 0.15321E~04 M2/S

PR=

1900STEP4D M=0.4

06
06
06
06
06
06

TH=1

T0

38.10
38.10
28. 11
Z8.11
28411
3s8.11
28.11
38.11
38.13
38.13
38.15
38.19
i7.£2
3773
38. 06
28,06
38..06
28.06
38.04
18.13
38.13
28.10
38.08
38.19
38.13
27.%4
37.28
38.06
27.68
38,21
28.23
38.04
38.02
37.81
27.92
37. €0

UNCERTAINTY IN REX=10628¢.

9.82 M/S
03716

P/D=5 ook
REENTH
0463026E
0417452E
0460502E
0410531E
0314825€
0118963E
0423122E
0.26804E
04306S8E
0134445E
0438513E
0142068E
0a45536E
03146191E
0.46437E
0i46678E
0346919E
0+47160E
J44T3STE
Qi47635E
0.47869E
0448102
0548336E
0448567E
0i48B797E
Ci49031E
0449270F
0349504E
Ci4973¢E
0149580E
C450220E
0450460E
0450703E
0450845E
0451187E
0451428E

T INF=
XvQg=

STANTON NO

0.3 €T00E-02
0.29760E-02
0.25316E-02
0.21143E-02
0.19743E-02
0.178€5€E-02
0.1773 2E-02
0.169E5E-02
0.16088€-02
0.15580€-02
0.15116E-02
0.14042E-02
0.15212E-02
0.15103E-02
0.142656-02
0.14351E-02
0.14441E-02
0.14194€-02
0.140778-02
0.141975-02
0.137C3E-02
0.14045€E~-02
0.13758E-02
0.13813E-02
0.13576E-02
N.14298E-02
0.14132E-02
0.13786€E-02
0.14213E-02
0.14478E-02
0.14067E-02
0.145358-02
0.14369E-02
0 .144€4E-Q2
0.14350E-02
0.14357E~-02

STANTON NMBER DATA

21.70 DEG C
3.6 CM

DST
0.102€E-03
0.894E-04
0.840E~04
0.796E-04
0.782E-04
0.765E~04
0.764E-04
0.757TE-04
0.749€E~06
0.745E-04
0.741E-04
0.731E-04
0.637E~04
0.665E-04
0.643E-04
0.633E-04
0.637TE-04
0.632E-04
0.5614E-04
0.622E-04
0.609E-04
0.628E-04
0.615E~04
0.632E-04
0.619E-04%
0.658E-04
0.602E~04
0.654E-04
0.620E~04
0.654E~04
0.636E-04
0.645E-04
0.644E-04
0.627E-04
0.669E-04
0. 734E-04

UNCERTAINTY IN F=0,05296 IN RATIO

DREEN
2.
10.
18.
23.
27.
31.
34.
36.
39.
41,
43.
45.
46,
46.
46.
46.
46.
46.
46.
46.
46,
46 o
46.
46.
46,
46.
46'
46.
46 .
46.
46.
46.
46.
46.
46.
46.

M

0.35
0.37
0.36
0.36
0.36
0.82
0.32
0.33
0.37
0.32
0.37

F

0.0115
0.0121
0.0117
0.0115
0.0118
0.0103
0.0105
0.0106
0.0120
0.0105
0.0120

T2

36465
37121
37330
37113
37300
36494
37185
37415
36467
36153
36156

THETA

0.912
0.945
0.950
0.940
0.932
0.928
0.984
0.940
0.911
0.901
0.901

DTH
0.019
0.019
0.019
0.01%
0.019
0.019
0.019
0.019
0.0L9
0.019
0.018



1

6GT

RUN 0922741 *** DISCRETE HOLE RIG6 *%% NAS-3-14336

k¥

1LS00STE P40

STANTCN NUMBER

d=0.4 TH=0 P/C=5

RUN 092274-2 #x* DISCRETE HCLE RIE *#* NAS-3-14336

kX

1S00STEP40 M=C.4

*xkk

STANTCEN NUMBEFR

Th=1 P/D=%

LINEAR SUPERPCSITION 1S5 APPLIEC TO STANTON NUMBER CATA FROM
RUN NUMBERS 052274~1 AND (92274-2 TO DBTAIN STANTYCN NUMEER [ATA AT

PLATE RE XCOL
1 79629 2. 8
2 828861.1
3 861429.3
4 893997.5
5 926565.7
) 959133.9
7 $91702.1
8 1024270.0
9 1056838.0
10 1086406.0
11 1121675.0
12 1154543.0
13 1179295.93
14 1196067.0
15 1212840.0
16 1229694.0
17 1246548.0
18 126322C.0
19 1280C92.0
20 1296866.0
21 1313639.0
22 1230411.0
23 1347184.0
24 1364(38.0
25 1380892.0
26 1397€€4.0
271 1414437.0
é8 . 1421210.0
29 1447%982.0
30 1464755.0
31 1481528.0
32 1498382.0
2 151523¢,0
34 1532008.0
35 1%548781.0
36

1565554.0

STANTCN NUM3ER RATIO BASEL ON STHPREX0.4=0.0295%REX** (=, 2)*( 1.~ {XI/(X=XV]}} %%0,9) ®& (=1, /9.}

RE DEL2

69.3
198.6
316.1
428.3
535.8
640.1
142 .2
842.3
933 .6

1035.9
1131.7
1223.7
1291.2
1335.7
1377.3
1417.5
1457.0
1495.7
1533.2
1570.1
1606 .4
1€42.3
1677 .0
1711 .6
174640
1780.2
1815.3
1850.0
1€884.2
1618.5
1952.3
1985.8
2019.4
2052.8
2085.9
2118.6

ST(TH=0)

0.004258
0.00268€2
0.003532
0.C03357
0.00224¢
0.003156
0.C02113
0.C02036
0.002941
0.C€02969
0.(C2518
J.002728
J. 002754
0.C02544%
J.002410
0.002371
0.002339
J.0022171
0. 002196
0.C02193
0.€02137
J.€22102
0.€02058
J.c02C72
0.002022
0. C02047
0.02134
0.0020C¢
0.C020¢€5
04002020
0.C02002
0.C01588
0.C002009
0.001977
J. 101663
0.C01538

REXHOT

796377.3

828948.9

8£1520.6

894092.3

526663.9

956235.6

$61807.3
1024378.0
1056950.0
1089522.0
1122092.0
1154£65.0
1179420.0
11%6194.0
1212968.0
1225824.0
12460680.0
1262454.0
1280229.0
1297003.0
1313778.0
1330552.9
1347327.0
13€4182.0
L381038.0
1367812.0
1414587.0
14313261.0
144813¢€.0
1464510.0
1481685.0
1438540.0
1515396.0
1£32171.0
1548945.0
1565720.0

RE DEL2

63.¢
173.4
634.4
1131.7
1547.7
1981.4
24208.2
2809.7
3202.1
35¢5.4
4032,.¢
4417.¢
4839,.3
48€2.1
4885.5
4907.7
4933.2
49%2.1
45174.9
45¢67,2
5019.2
5041.2
€0€3.2
50€5.1
51C6.5
5126.1
5151.8
5174.8
£166.3
€219.3
€242.2
5265.2
£2E6.4
5211.6
5324, ¢
£€358.C

ST{TH=1)

0.003870
0.7929J8
0.002455
3.0)204¢
0.001%00
0.001695
C.001673
0.2J1637
C.00155¢
0.001444
C. 001366
0.00125%
0.0U138¢6
C.001297
J.2)1Z16
N.001332
J.2)134¢
C.00132¢
0.001321
€.221235
C.00128¢
0.0ul328
C.C01301
€.201305
0.00128¢%
CaJ31352
U.001334
Q.I01219
0.001351
C.0138%
C.001341
0.00139¢
0.001374
0.00128¢
J.021377
C.C0N1381

*hk
TH=0 AND

ETA

UuuJy
04210
0.305
0.391
0.415
U463
04463
04451
04471
0.514
0.532
06539
0.497
0.451
) #453
04438
o425
0e&4lé
04398
0.391
04398

«368
0. 368
0.379
Na364
Je334
04375
PFELY
Ve 346
0.314
0.330
0,298
04516
0.298
D.298
0.288

DATA

DATA

TH=1

STCR

1.044
J.869
0.933
2.655
0.976
0.952
1.015
1.322
1.017
l.352
1.057
1.008
1.032
0.962
J.919
0.912
0.607
0.887
J.8¢6%
0.B8¢€%
0.853
J.845
0.832
0.84%4
0.828
Ve863
0.854
).836
0. B65
Je.851
0.84%3
0. 84¢
J. 859
0.850
J.848
0.841

ST‘NTCN NUMBER RATIQ FOR TH=1 IS CCNVERTED TO COMPARABLE TRANSPIRATION VALUE
LSING ALCG(L + B}/B EXPRESSICAN IN THE BLOWN SECTICA

F=COL

0. 0000
0.2128
0.0127
7.0127
0.0127
2.0123
0.0125
0.0126
0.0125
0.0121
0.0126
0.0125

STHR

0,943
0.950
0.852
C. 74
0709
0. €49
C.654
€.653
0.631
C.595
0.570
0.532
0.531
Ca600
04569
0.573
C.587
0.582
2.593
0.591
0.573
0.5%
0.584
0.589
0.582
0.620
04610
0.6J1
0.622
Ce €40

0.623

C.650
0. 642
0.651
0.€48
0.652

z-40f

043302
0.0115
0.0121
0.2117
0.0115
N.J118
0..0103
0.2195
0.J106
3. 1129
0.0105
0.0127

LoGa

0.949
26 346
24361
2.223
2.199
2,175
2.048
2786
2.386
2.218
2.327
24151




09T

RUN 05C874

RE X

xvn
UINF
vIsC
PORT
XL QC

Hoitonow o

Y(CM.)

0.025
0.028
0.030
0.033
0.038

0. 043
0.051
0.061
0.074
0.089

0.107
0.127
0.150
0.175
0.206

0.241
0.282
0.356
0.411
0.475

0.546
0.€22
0.711
0.813
0.927

1.054
1. 181
L.308
1.435
1.562

1.689
L.B16
1.943
2.070
2.197

0.24107€ 07

0,15594E-04

Y/DFL

0.013
0.015
0.016
0.017
0.020

0.023
0.027
0.032
0.038
0.046

0.056
0.066
0.078
0.092
0.107

0.126
0.147
0.186
0.215
0.248

0.285
0.325
0.372
0.425
0.484

0.551
0.617
0.683
0.750
0.816

0.883
0.949
1.015
1.082
l.148

VELOCITY PRCFILE

REM = 4720,
17.81 CM. DELZ2 = 0.415
34,19 M/S DEL99= L.G14
M2/S DELL = 0.295
9 H = 1.369
127.76 CV. CF/2 = 0.15421€E-02
UM/ S) U/UINF Y+ U+
17.30 0.506 21 .9 14.68
17.66 0.517 24.1 idelo
18.12 0.530 2b o2 13.45
18.37 C.537 2be4 13.00
18,77 C.549 32.8 13.98
19.18 C.561 37.2 l4.28
19.63 0.574 43.7 l4.62
20.012 0.586 5245 l4.9¢
20.43 C.598 63.4 15.c¢
21.02 0.€15 765 l5.0¢
21.52 C.829 9l.u l16.03
21.97 C.€43 109.3 16.37
22.39 C.€55 129.0 lb.ob
23,01 C.673 150.9 17.14
23.28 C.681 177.1 17.34
23.96 C.701 297.8 17.45
24.5% C.718 24247 18.2%
25433 0.741 300.2 lo.a?
25.81 C.757 354.3 19.27
26.51 C.775 408.9 19.75
27.09 C.793 470.2 20.18
27.72 0.811 53>5.8 20.04
28.32 C.828 612.3 21.09
29.08 C.851 6937.3 2L.66
29.8C 0.872 T98.2 22420
30.5¢ 0.894 907.5 22476
30.94 0.905 1015.9 23.05
31.96 0.935 1126.2 23.80
32.53 0.951 1235.6 2442
33.05 C.967 1344.9 24.62
33.317 CaS76 l454.3 24.806
33,73 0.986 1563.6 25.12
34,03 0.995 1672.9 25434
34.14 C.999 17d2.5 254453
34.19 1.000 189L.6 - 29447

CM,
LM
CM.



19T

RUN

090874

xik JISCRETE

TACB= 26.38 DEG C
1.166 XG/M3

FHO=

P =

%ok

PLATE

(Yol oI VI SV, NN PUN N Iy o)

UINF=
VISC= D.,15€20E-04 M2/S

1014+ J/KGK PR=
47COSTEPFP P/D=5
X REX
127.8 0.24108E 07
132.8 0.25222C 07
137.9 0.26335€ 07
143.0 C.27449E 07
148.1 0.23563E 07
15342 0.29677E 07
158.2 9.30191E 07
163.3 0.31904E 07
168.4 0.33018E U7
173.5 0.34132E 07
178.&6 0.3524¢E 07
1E3.6 0.36359F 07
187.5 0.37206€E 07
190.1 0.37780FE 07
192.7 J.38353€ J7
195.4 0.38929€ 07
198.0 0.39506E 07
200.6 C.40079€ 07
203.2 0.,40€53E Q7
205.8 0.41227€ 07
208.5 0.41800E 07
211.1 0.42374E 07
213.7 0.42S547€ 07
216.3 0.43524E 27
218.9 0.44100E 07
221.6 0.44674E 07
224.2 0.45247€ 07
22648 0.45821F 07
229.4 0.46385F 07
€32.0 0.46968E 07
234.6 U0.47542€ 07
237.3 D.48118E 07
239.8 0.486895E 07
242.5 0.49268C Q7
245.1 0.49842E 07
247.8 0.5041EE 07

*akk

TO
B35. 64
5. t4
Z5.¢€4
35466
25.¢€6
25,64
25.¢€4

254 €6

5. €4
35. €4
5. &4
25.62
35426
35.1C
25.45
35.43
35.43
25,41
25.29
35.47
35.41
35. 45
25.41
5. 52
25.45
35.41
24. 16
25425
25430
35.1C
25.€8

-
25. ¢

35.°1
25. 20
35.49
35.31

3§.25 M/S

De4717

REENTH
041€6943E
044886¢CE
Ci78162E
0110608E
04132S8E
0415931t
CJi18E10E
0.21024¢
Ci23482E
0425862
042825¢€E
0.30581E
0432279E
0433385k
Ci344S0E
C.35587F
04i36678E
0e377¢8E
0.38BE46E
0.35¢18E
0440987TE
Ca42044E
0.43061C
Ce#4133E
Ci451596¢€
0446248E
044T7268E
C.482G4E
0449329t
€450360C
0.51401E
0152422E
0.53438E
0454451E
0455465k
0456479E

HCLE RIG *¥*x NAS-3-14236

TIANF= 25.86
XV0= 17.8
STANTCON NC

V. 304245-02
Y. 2€6901E-02
0.25T06E-02
0.24422€-02
0.2388CE-C2
0.22413E-02
0.22851E-02
0.22253E~02
{1.21815F-02
0.21413E~02
N.21291E~02
Je206078-02
0.1961 70E-02
0.19221€-02
0.191785~02
0.1900&E-02
2.19204€-02
0.1E6668-02
0.18562E-02
0.1E7€5%-02
0.18424%-02
0.1E3GEE-02
0.1€8075E-02
0.184C4E-02
0.18424E-C2
0.18212E-02
Je173176-02
0. 18412E-02
0.17616E~-02
0.18312E~C2
0.17919E-02
0.17647E-02
0.17729E-02
0.17569€E-92
0.17735%-02
D.17592E-02

STANTON NUMBER DATA

DEG C
(o]

DsSY
0.557E~04
0.519E-04
0.506E~C4
0.492E-04
0.487E-04
0.483E-04
0.478E-04
0.471F-04
D.46BE-04
0.464E-04
0.461E-04
0.457c-04
0.573E-04
0.684E-04
0.687E-04
0.674E-04
D.675E~04
0.674E-04
0.656 E-04
0.66TE-04
0.651E-04
0.658E-04
0.641E-04
0.660E-04
0.£55E-04
0.678BE-04
J.594E-D4
0.686E-04
0.621E~04
0.660E-04
0.640E~-G4
0.628E-04
0.638E-04
D.617E-04
0.647E-04
D.674E-04

DREEN
3.
5.
7.
8-
9.

10.
10.
11'
12.
12.
13.
13.
14.
14.
l4.
15.
15,
15,
16.
16.
16.
16.
16.
17.
17.
17.
17.
18.
18‘
18.
18.
18,
15.
19.
19.
19.

—

ST(THED)
0.274 24E-02
0.24169E~-02
0.22743E-02
0.21823E~02
0.21143E-02
0.20602E~02
0.20153E-02
0.19769€-02
0.19434E-02
0.19135€-02
0.18867E-02
0.186236-02
0.18451E-02
0.18341E-02
0.18234E~-02
0.18132E-02
0.18033E-02
0.17938E-02
0.17847E-02
0.17758E-02
0.17672E-02
0.17589E-02
0.175098-02
0.17430E-02
0.17354E-02
0,17280E-02
0.17208E-02
0.17138E-02
0.17070E-02
0.17003E-02
0.16939€E-02
0.16875E-02
0.16813E-02
0.16753E-02
0.16694E-02
0.16636E-02

RATII
1.109
1.113
1.130
l.119
1.129
1.136
1.136
1.126
1.126
1.119
l.118
1.107
1.039
1.053
1.052
1.048
1.054
1.057
1,040
1.058
1.043
1.046
1.032
1.056
1.062
1.05%
1.006
1.074
1.032
1.077
1.058
1.04¢
1.054
1.049
1.062
1.057



29T

RUN 091474

TALS=
RHO=
cP=

% ke

PLATE

o I RN« ST I VAN NN

10
11
12
12
14
15
1l¢
17
18
15
290
21
22
23
24
25
26
27
28
29
3¢
31
32
3z
34
3¢
3¢

26.16 DEG C
1.171 KG/M3

UINF=

3&.16 M/S

VISC= 0,15579F-04 M2/5S

1015. J/KGK PR=
4700STEP40 M=0.4 TH=0
X REX T0
127.8 0.24111E 07 35.01
132.8 J.2522EE 37 34.5S
137.9 0.26339E 07 25.03
143.0 0.27453€ 97 325.11
143.1 0.28567E 07 34.99
153.2 0.29681E J7 Z25.(1
158.2 0.30795¢ 07 25.03
163.3 0.316C8E 07 35.01
1l68.4 0.33022E 07 125.(1
173.5 0.2413€F 07 35.01
178.6 {J.35250E 37 35.02
183.6 0.36364E 07 35.01
LE7.5 0237211 07 24.49
190.1 0.37784E 07 34.20
192.7 0.38358F 27 34.67
195.4 0.38635E 07 24.70
198.0 0.39511E 07 24.76
200.6 0.40085E 07 24.18
203.2 0.40658F 07 324.€0
20548 4412326 07 24.51
208.5 0.41806E U7 34.€9
2llel  0.42379% 37 24447
213.7 0.42953E 07 24.63
21643 0.43E303E 07 325.C6
218.9 0.44106E 07 25.C1
¢2leb6 0.44680r 07 34.G3
22%.2 0.45253% Q7 23,177
22648 0.45827€ 07 24.63
2294 J.46401E JT Z4.88
232.0 0.46974E V7 25.26
224.6 (0.47548E 07 25.24
237.3 0.48124E 07 35.09
23945 0.48701lE 07 :5.(3
242.5 0.49275E 07 24.74
245.1 C.49848E 07 34.99
247.83 0.50422E 07 324.60

UNCERTAINTY IN REX=5566¢,.

04717

F/0=5 L2 3
REENTH
0.17080E
€.48837E
0480813t
Cill367E
0al4sSTE
0a17773L
04i20919E
0.24287E
0427604E
0.309128
04i34147E
0=37400E
C.40008E
0+41235E
0:42442E
0.438617E
Ce44768E
Cs45899E
04s4699°E
C:i48C81E
0+49146E
C.50189E
0.51217C
C452236E
0.53260¢
0.54279¢
Ci55274E
0i56271E
Ci57270E
0458266F
Ce59267E
0i60251E
0461235E
0.62222€
0.63209E
0464192

*tx DISCRETE HCOLE RIG %*%% NAS-3-14336

TINF= 25.67
XV(= 17.8
STANT(CM NC

0.30665E£-02
J.2£353E-02
0.25062E-02
Je24244E-)2
0.23821E-02
J.232CIE-02
0.23222E-02
0.23121E-02
0.2273¢E-C2
0.22862F-02
0.22454E-02
0.22015E~02
De217J6E-02
0.21156E-C2
0420734E-02
0.20160E-02
0.1cE888E-02
0.15%4¢6F-C2
0.18807&E~02
0.18860E~-02
0.18230E~-02
0.181905E-02
0.17613E-02
J.17826E-02
0.178B2€E=-02
0.17641E-02
0.17019E~02
0.17701€E-02
0.17083E-02
0.171592F-02
0.17270€E-02
0.1€6589E~02
J.172713E-02
0.17112€-02
0.17242€-02
0.1€9S8E-02

STANTON NUMBER DATA

CEG C
CM

DST
0.587E~-04
0.535€-04
0.523E-04
D.515E-04
0.512E-C4
0.504€-04
0.504E-04
0.524E-04
G.500E-04
0.501E-04
0.496E-04
0.452E-04
D.759E-04
0.757F-04
D.748€-04
0.722E-04
0.712E-04
0.6S8E-04
0.670E-04
0.674E~04
0.650E-04
0.652E-04
0.632€E-04
0.646E-04
C.640E-04
D.662E-D4
0.589E-04
0.667E-C4
0.607E~-04
0.639E-C4
0.621E-04
0.611E~04
0.626E-04
0.607E-04
0.635E-04
0.662E-04

UNCERTAINTY IN F=0,05002 IN RATIG

DREEN
3.
24,
4l.
53.
632,
71.
79.
86
92
98.
l103.
109.
111.
1il.
111.
11l.
111.
1il.
112.
112.
112.
112.
112.
112.
112.
112.
112.
112.
112.
112.
112.
112.
112.

M

0.40
0.39
Q.29
0.39
.29
0.39
0.40
0.40
0.39
0.39
0.40

F

0.0128
0.0127
0.0128
0.0127
0.0128
0.0128
0.2128
0.0129
0.0127
0.0128
0.0128

T2 THETA

25489 0.023
26403 0,038
26434 0.039
26104 0.039
26304 0.039
26319 0.055
26317 0.054
26417 0.053
26414 0.050
26418 0.055
26417 0.053

DTH

0.033
0.033
0.033
0.033
0.033
0.033
0.033
0.033
0.033
0.033
0.033



€91

UNCERT AINTY IN REX=557517.

STANTON NUMBER DATA

RUN 091674 wkw CISCRETE HCLE RIG *%% NAS-3-14336
TACSH= 24.41 CEC C . UINF= 33.83 M/S TINF= 23.61 DEG C
RHC= 1.178 KG/M3 VISC= 0.15411E-04 M2/S xXvgs= 17.8 CM
CP= 1015. J/KGK PR= 0.717
*H X 4700STEP4) M=)d.4 TH=1 P/D=25 ook
PLATE X REX . TO REENTH STANTCN NO DST
1 127.8 0.24137E 27 36.71 0i16¢€2TE 0.29820E-02 0.420E-04%
2 132.8 0.25252E 07 36.71 0446104E 0.23048E-02 0.365E-04
2 137.9 C.26367E 07 2é.1l €a2)262E 0.179€6E-02 0.329E-04
4 143.0 0.274828 07 36.71 0.35331E 0.148535-02 0.310E-04
5 148.1 0.28598BE 07 36.69 0450378E 0.13982E~-02 0.305E-04
6 153.2 0.29713E 07 26.69 Ca65€€SE 0.123608-02 0.302E-04
7 158.2 0.30828BE 07 26.71 0.80535E 0.130058-02 0.300E-04
8 163.3 021943 07 Z6.t7 0495104E 0.12864E-C2 0.300E-04
S 168.4 0.33058E.07 36.¢€9 0.,110C2¢k 0.12055(~-02 0.295E-C4
10 .173.5 0.34173F QT Z6.67 0asl12465E 0.11937E-02 0.295E-D4%
11 17846 0.3528B8E 07 36.€7 . 0413903E 0.11557E-02 0.293E-04
12 183.6 0.36404E 07 326471 0.15254E 0.11103E-02 0.290E-04
13 187.5 0.327251E°'07 36452 0.1659GE 0.11080E~-02 0.387E-04
14 150.1 0.37825E 07 26.:1 0il6664E 0.115E1E~-02 0.404E-04
15 192.7 0.38400E 07 26.59 . 0Q4l6731E 0.11750E-02 0.416E-04
16 165.4 0.38S77E 07 36.61 04167S8E 0.11589E~02 0.406E-04
17 198.0 «29554E 07 206.€1 0.16865E 0.1160€E-C2 0.407E-04
18 200.6 0.40128F 07. 36.57 0416531E 0.11598E-02 0.407E-04
19 203.2 0.40782E 07 :6.%3 Cil6SSTE 0.11348E-02 0.395E-04
20 20548 0.41277E°07 36.61 041 70€3E 0.11549E-02 0.404F-04
21 208.5 (C.41851FE 07 Z6.59 0.l7128kE 0.11183E-02 0.392E-04
22 211.1 0.42425% 07 36.€1 0:17193E 0.113485~-02 0.401F-04
23 213.7 0.43080E 07 26.57 0.17258E 0.11107E-02 0.389E-04
.24, 216.3 (0.43577E 07 326.71 0417322E 0.11348E-02 0.404E-04
25 218.9 0.44154E 07 Z6.63 0417388E 0.1144%E~02 0.403F-04
26 221.6 0.44728E Q7 26.52 Ci17453E 0.11375E-C2 0.419E-04
27 22442 0.45302E 07 25.45 Cil7516E U.10411E-02 0.347E-04
28 22668 0.45B77E 07 Z6.E0 041757SE 0.11417E-02 0.425E-04
29 229.4 0.46451FE 07 36.40 0:.17644E 0.112E5F-02 (.390E-04
30 23240 C.47025E 01 26.74 Cil7711E 0.11812E-02 0.421E-04
31 234.6 0.47599E 07 36.72 0117778E 0.11607E-02 O0.410E-04
32 237.3 0.¢8117€ 07 36.52 0417845E 0.11570E-02 0.406E-04
33 239.9 0.48754E 07 36.4¢ 0417912E 0.11767€-02 0.417E~04
34 242.5 0.49328E 07 26.17 03417979¢ 0.11624E-02 0.401E-04
35 245.1 0.49902E 07 26.38 Qa18047E 0.11863E-02 0.428E-04
3¢ 247.8 0.50477E 07 36.17 0418115¢E 0.11733E~02 0.449E-04

UNCERTAINTY IN F=0.C50C2 IN RATIO

DREEN

38.

65.

83.

99.
113.
124.
135,
145.
154,
163.
170.
174.
174.
174.
174.
174.
17‘.
174‘
174.
174.
174.
174.
174.
174.
174.
174‘
174.
174.
174.
174.
174.
174.
174.
174.
174.

M

0.37
.37
0.37
0.38
0.38
0.37
0.38
0.38
0.38
0.38
0.38

F

0.0120
0.0119
0.0120
0.0123
0.0123
0.0120
0.0121
0.0122
0.0122
0.0122
0.0124

T2 THETA

36174
26467
36180
36474
361339
36443
36165
36.43
36112
35,77
35313

1.003
0.997
1.007
1.004
0.977
0.978
0.998
0.980
0.957
0.930
0.877

0T+

0.024
0.024

0.024 -

0.024 .
0.024
0.024
0.024
0.02%
0.024
0.024 .
0.024



wot

FUN  C91474

FUN 091674

L

ekt

4TJOSTEP 40

47005TEPSD

k¢ OISCRETE HCLe RIB ¥#k NAS-3-14336

STANTCN

M=Q.4 TH=C P/D=5

k% DISCRETE HCLE RIG *%%x NAS-3-1433¢

¥=0.4 TH

STANTON

=1 P/C=5

LINEAR SUPSRPOSITICN I35 AFPLIEC 7O STANTON NUMBER CATA FRCM
FUN NUMBERS JS1474 AND

PLATE REXCOL

2411 (67.0
2522490.0
2€633€83.C
214527€.0
2856€6G.0
25680629
3075455.0
21650€47.D
3302240.0
1)  2413€33.)
11 3525(C26.0
12 2636416.0
13 3721C078.0
14 2778445.0
15 383581<.0
16 38563457.0
17  26511232.0
18 4008470.0
19 40&5€38.0
20  4123205.0
2l 41808732.0
22 4237%4G.0
23 425%5:Ce.0
24 4352953.0
25 441055%.0
26 44675640
27 4525333.0
28 4582100.9
29 4¢€40C65.0
3)  4€5743¢.0
: 4754803.0
32 4812448.0
33 4870094.9
34 4¢27462.0
35 458482%5.0
36 504216¢.0

Vo TN BN Y IR S PR\

STANTON NUMBER RATIO BAGED GN STHPR¥%X0.4=0029 SAREXKX (=2 ) # (1 .= (XT/{X=XV]))*%] 9 ) kk(=-1./9.)

RL NELZ

170.8
438.3
T76 .9
1054 .3
1226.9
1£93.3
1557 .0
2120 .4
2383 .5
2644 .3
2993 .7
3158.3
3349 .5
3476 .3
3¢00.0
3720.7
2838.9
3954 .9
4067 .7
4178.6
4287.1
4394.5
4499.7
4€04.1
47C3.8
4812.9
4914 .3
5016 .9
5118.9
5220.5
5322.3
5423.2
£E823.6
5624.4
5725.0
5825.3

Col€E74

ST(TH=0)

0.0020¢€7
J.C02643
0002529
0.C024¢€2
0.C02422
0.(C22¢€1
3.002374
J. 202372
0.C02335
J.N02Z2348
V.002310
0.002271
0.002228
0.002176
0.C0z130
0.C02C74
J. 002341
0.€02000
J.C01¢28
v.001932
0. (01868
0.0018£3
0.001809
0.001824
0.C01823
0.C01804
0.001744
J.C0181Q
U.001745
3.C017%6
0.0017¢€3
0.001733
0.C017€¢2
0.001746¢
0.C01%E8
V. 001733

REXHOT

2413706.0
2525219.0
2636732.0
214824€.0
2E5¢759.0
2971272.0
3082786.0
3194299.0
3305812.0
3417326.0
3£2883%.0
3640352.0
372£103.0
3782532.0
383¢%961.0
3857669.0
3655377.9
4012807.0
4070236.0
4127€65.0
4185095.0
4242525.0
4256954.2
435766240
4415370.0
4472796.0
4530229.0
458765840
464508840
4702517.0
4759947.0
481765449
4875362,

4G32792.0
4550221.0
5047650.0

RE DEL2

16€.2

4elel
2022.5
3523.3
5028.¢
£551.4
8068.0
€551.6
11043.¢€
12532.1
14022.7
1£84€6G.2
1€66€3.2
17021.7
170€2.7
17144.0
172C5.2
L72¢€¢€.6
17321.5
17388.5
11446.1
1750%. 4
175€9.6
17629.6
17691.2
17752.6
17811.1
178¢66.¢€
17931.2
17993.17
18057.3
18120.3
1€183.8
18247.4
1€311.¢
1€375.9

TO CBTAIN STANTCN NUMBER [ATA AT

ST(TH=1)

0.032682
C.00230¢
G.001797
C.001487
0.001404
C.001326
0,00127
0
€.001193
0.0)118¢
0. 001086
2.700586
C.000¢c87
0.001049
€.001C73
0.001061
0.00106¢
€.001070
C.C01050
0.001071
0.021038
C.00105¢
0.57193¢
0.001061
0.001072
G. 001066
C.00096¢
0.001077
0.,00105¢9
0.,001115
C.001096
0.001095
C.001114
0.001100
0.001128
G.001113

HK«

=¥k

NIMRER DATA

NUMBER DAYA

TH=0 AND TH=1

ETA

JUuuy
0.128
04290
0.396
04420
0.438
04463
0462
0.489
34538
0.530
1.566
04559
0.518
0.497
0.488
0.478
Oe455
04455
0.445
0i444
0+429
Qe427
06418
04412
0.409
0.446
04405
04393
J 379
04378
0.368
0.368
0.370
04358
J.358

SYCe

1.008
0.800
0.857
0.899
0.935
0.952
0. 963
1.024
1.036
1.067
1.073
1.076
1.076
1.055
1.042
1.023
1.01%
1.002
0.973
0.982
0.956
0.955
0.928
0.952
0.957
0.953
0.927
0.967
0. 938
0.970
0.957
0.946
0.967
0.962
0.974
0.964

STANVCN NUMBER RATIO FOR TH=1 1S CENVERTED TO COMPARABLE TRANSPIRATION VALUE

US ING ALOG(L + B)/8 EXPRESSION IN THE

BLOWN SECTICN

F-COL

0.0020
0.0128
0.0127
0.0128
0.0127
0.0128
0.0128
0.0128
0.0129
0.0127
0.0128
0.0128

F=-HOT

0. 3229
0.0120
0.0119

0.0120 .

0.0123
0.0123
0.0120
0.0121
0.0122
0.0122
0.0122
0.0124
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RUN 102274 VELOCITY AND TEMPERATURE PROFILES

REX = 0.15100F 06 REM = 515. REH = 448,
XVve = 108.36 C¥. DEL2 = 0.066 CM. DEH2 = 0.058 CM.
UINF = 11.83 M/S DEL99= 0,476 CMe DELT99 = 0,456 CM,. -
VISC = 0.15200E-04 M2/S DELL = 0.130 CM. UINF = 11.84 M/S
PORT = 19 H = 1.959 VISC = 0.15238BE-04 M2/S
XLGC = 127.76 CV. CF/2 = 0.17374E-02 T INF = 21.54 DEG C
TPLATE = 38,29 DEG C
Y{CM.) Y/DEL U{M/S) U/UINF Y+ U+ Y{CM.} T(DEG C} TBAR TBAR

0.025 0.053 4.14 €.350 8.2 8.41 U.0L65 35.44 Q.171 0.829
0.028 0,059 4,36 C.369 9.1 8.85 0.0190 34.66 04217 0.783
0.030 0.064 4040 C.372 9.9 8.93 00,0210 33,76 0,271 0.729
0.033 0.069 4.51 0.382 10.7 9.15 U.0241 33.35 0.295 0,705
0.038 0.080 4.71 C.358 12.4 9e56 VL0292 32.68 0.336 O0.664

0.043 0.091 4086 Ce4ll 14.0 9.86 0.0343 32.09 0.371 0.629
0.051t 0.107 5.09 C.430 le.5 1032 V.039% 31.61 0.400 0.600
0.058 0.123 5.38 C.455 19.0 10.91 0.0%44 31.26 0.4%21 0.579
0.069 0.144 5.55 0.469 2262 11.25 0.0521 30.81 0.448 0.552
0.081 0.171 5.91 0.500 26e4 ll.98 0.0597 30.49 0.467 0,533

0.094 0.197 6.25 C.528 30.5 12.67 0.0698 29.97 0.498 0,502
0.109 0.229 G. 66 0.563 35.4 13.51 0.0825 29.54 0.524 0.476
0.127 0Q.267 6.98 0.590 4l.2 l4.16 0,0952 28.93 0.560 0.440
0. 147 0.309 7.38 0.624 47.3 14,97 0.1105 28.48 0,588 0.412
0.168 0.352 7.91 0.669 54.% 16,05 0.1283 27.78 0.629 0.371

0.191 0.400 B8.51 C.720 6l.8 17.27 0.1486 26,95 0.679 0.321
0.213 0.448 8.99 0.760 6942 1822 0Q.l71l4 26.31 0.T717 0.283
0.236 0.496 9.40 0.795 To40 19,06 04,1994 25.38 0.774 0.226
0.262 0,550 9.88 0.835 84.9 20.03 0.2248 24.58 0.821 Q.179
0.287 0,603 10,2¢ g.867 93.1 20.81 0.2502 23.97 0.858 0.142

0.212 0.656 10.60 0.896 10l.3 21449 0.,2756 23.39 0.893 0.107
0,338 0,710 10.92 0.923 109.6 22.15 0.3010 22.96 0.919 0.081
0.376 0.790 11.26 0.952 121.9 22.84 0.32064 22.61 0.940 0.060
0.414 0.870 1ll.41 0970 134.3 23426 043645 22,22 0.962 0.038
0.452 0,950 11.63 0.984 l4be7 23.60 J.4026 21.96 0.578 0.022

0.490 1.030 11.75 0.993 159.0 23483 044407 21.80 0.988 0.012
0.528 1.110 11.80 €997 171l.4 23.93 0Oe.4788 21.71 0.993 0.007
0.566 1.190 11.82 1.000 183.7 23.99 0.5169 21.64 0,998 0,002
0.555 21.61 0.999 0.001
0.593 21.60 1.000 0.000
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RUN 102274

ik OISCRETE HOLE RIC *x#* NAS~3-14336

TACB= 21 .40 DEC C
1.188 KG/M3

RH(=
cpP=

k%

PLATC
1

(Vo e U I« SRV BV SRV V]

1J13. J/KGK
520HSLFP p/D=
X Rt. X
127.3 J.14972C
132.3 0.18892F
137.9 J.Z22812¢
143.0 0.20731°%
148.1 0Q.30¢t51%
153.2 0.24570C
158.2 0.38499F
163.3 J.42409E
168.4 0.46329F
173.5 9.5)248E
178.6 0.54168%
183.6 0.58C87C
187.5 0.€1066E
190.1 C.63(E5E
192.7 0J.€5102k
165.4 0.67132%
168.0 0.69100E
200.,6 0.71178€
203.2 0.73197€
205.8 0.75216¢%
23845 0. 77234E
211.1 0.79253€
¢l3.7 (.81271¢
216.3 0.83300¢
218.9 J.E5328E
221.6 0..8734¢F
224.2 0.89385E
22648 0.51384E
229.4 0.534902€
232.0 0.55421E
234.,6 (0.6743GC
237.3 0.59468E
239.9 0.10150€
242.5 J.10351E
245.1 0.10553E
24T7T.8 0.10755E

UINF=

VI3C=

PR=

5

e
0o

11.74 M/S
0.15218¢8-04 ¥2/5
C.717
i &

Ht REENTH
28,143 J+%3899F
i8.08 0.55327E
2E.(8 06572208
28.(C8 0.78825F
23.10 0.90145L
I3.11 cilOlCst
i3.C8 0.11178E
23.C¢ C.12228€k
38.10 0.13250L
2d.11 Je14245E
38.11 0.15219C
Z3.(8 Jel6181E
26.40 0.16872E
Ze.0E C417300E
36.21 J417730E
36.31 0.i18156F
26422 C.18581L
35.27 Cal9005¢
Z6.21 CelSG42€E
36.21 0«19 E4GE
26.23 042J270E
36.27 0.20690L
26,23 0421106
36.33 0+.21520¢t
6. 15 €i21¢33E
26.06 0:22346F
z5.01 Cé22761E
36.12 0423 174F
36.G4 0423590F
256448 Cs24006F
36442 0.24417¢€
3t. 24 Ca24825E
36427 0:25232C
26.04 0425¢€3 EC
36.21 0.26039F
5. €9 C426436E

TINF= 21.33
XVC= 108.4

STANTCN NC

J 2762 8E~-02
0.3C687E-02
0.30001E-02
0.26214F~02
0.28546%-02
0.27267€-02
0.272917£-02
0.2€3727E-02
0.28812E~-02
0.24944E-02
0.247393E-02
0.24315E-02
0.21056E£-02
J.21353%-92
0.21177C-C2
0.21026:-02
0.210C4£-02
0.21000%-02
0.2C715€E-C2
0.20934E-02
Je20711E-02
U.20838E-02
J.20390E-02
0.20504E-02
0.20422£-02
0.20441E~02
0.20606E-02
0.20280E~02
N.20861E~-02
0.20315E-02
0,20356E~02
0.15943%E~02
0.20320E-02
0.15841€E-02
0.1€910F-02
0.18315€E-02

STANTCN ANUMBER DATA

DEG C
™

DET
0.689E-0%
0.717¢6~0%
0.711€6-04
0.703E-0%
V.697E-04
0.685E-04
0.687E-C4
0.678E~04%
0.673E~-04
0.666E-04
04 604E-04
J.662E-04
0.726E-04
J.801E-24
0.810E-04
0.766E-04
0.799E-04
0.798E~04
0.779E-04
0.7S3E-C4
J.780E~C4
0.797€-04
D.TT76E-04
0. 797E-04
0.780E-04
0.B823E-04
0.733E-04
0.826E-04
0.776E-04
C. 799E-04
J.783E-04
0.770E-04
0.782E-04
0.746E-04
0.794E-04
0.850E-04

DREEN
20.
20.
2.
20,
29.
20.
20.
20.
20.
20.
21‘
21,
21l.
21.
2L .
21.
21.
21.
21.
21.
2l.
21.
21.
21.
21.
21.
21-
21.
21.
2l.
21.
21.
2l.
21.
21'
21.

ST(THEO}
0.31093E-02
0.29681E-02
7.28582E-02
0.27690E-02
0.26943E-02
0.26302€-02
0.25743E~02
0.25249E-02
0.24806€-02
0+24406E-02
0.24043E-02
0.23709E-02
0.23473E-02
0.23321F-02
0.23174E~02
0.23033E-02
0.22896E~02
0.22765E~02
0.22638E-02
0.22515€E~02
0.22396E-~02
0.22281E~02
0.22169E-02

0.22060E~02 -

0.21954E~02
0.21851E~02
0.21752E~02
0.21655E~02
0.21560E-02
D0.21468E~02
0.21379€~-02
0.21291E~-02
0.21205E~02
0.21122E-02
0.21040E~02
0.20961E~02

RATIO
0.889
1.034
1.050
1.055
1.060
1.037
1.060
1.043
1.041
1.022
1.029
1.028
0.897
0.916
0.9 14
0.913
0.917
0.922
0.918
0.930
0.925
0.935
0.920
0.929
0.930
0.935
0.947
0.937
0.968
0.946
0.954
0.937

-0.958

0.939 -
0.946
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RUN 103074-1 »%% QJQISCRETE

TADB= 20.29 DEG C U INF= 11.70 M/S
RHO= 1.200 KG/M3 VISC= 0.15041E-04 M2/S
CP= 1011. J/KGK PR= 0.71¢
kX 520HSL40 Mr0.4 TH=0 P/D=5S *aax
PLATE X RE X T0 REENTH
1 127.8 0.150895F 06 36.06 0+48211E 03
2 132.8 0.19047E 06 326.08 Ci60465E 03
3 137.9 0.22999E 06 36.08 0.77660E 03
4 143.0 0.26S51E 06 26.13 0195585E 03
5 148.1 0.30602E 06 z26.068 0411284E 04
& 153.2 0.34854E 06 36.10 04129748 04
7 158.2 0.38BLEE 06 36.06 0i14667E 04
8 163.3 0.42757E 06 26.02 0J16428E 04
9 168.4 0.407CGE 06 36.0C8 Cil8l27E 04
10 173.5 0.50661F 0€& 26.(CE 0.19828E 04
11 178.6 D.54612E 06 26.10 Je21528E 04
12 183.6 0.58564E 0& 26.08 Cs23208t 04
13 187.5 0.€LS67E 06 34.17 0124575 04
14 190.1 0.63603E 06 23.85 0425064 04
15 192.7 . 0.65638E 06 24.13 0.25540E 04
16 195.4 0.67£82E 05 34.17 026002 04
17 168.0 0.6S5728E 06 324.21 C.26456E 04
18 20J.6 0.71763% 96 24.:21 0326S01E 04
19 203.2 0Q.73798E 06 24.19 0.27335E 04
20 205.8 0.75833F 06 Z24.27 Cs27765E 04
él 208.5 0.77868% 06 34.27 0.28187E 04
22 211l.1l Q0e79903E 0& 24.40 0.28595E Q4
232 213.7 0.81638E€ 06 24.:2 04i28SSBE 04
24 <cl6.3 0.E3S8B3E 06 24.44 0429399 04
25 218.9 0.864028E 06 34.324 C42979¢6E 04
2¢ 221.6 0Q.88064E 06 24.23 0.30186t 04
21 <224.2 0.S00GSE 06 23.25 ¢i133581E N4
28 226.8 0e452134C 06  34.20 0430575k 04
29 229.4 0.S4169E 06 :4.28 Ci31367E 04
30 232.0 0.S6204E 06 24.€3 0431759E 04
21 234.6 C.98239E 06 34.6&3 0e32145E 04
32 237.3 0.10028E 07 24.52 «3252¢E Q4
32 239.9 0.10233F 07 24.%51 0:32904E 04
34 242.5 0.1064386FE 07 24.:25 C.33282E 04
35 245.1 0.10640E 07 34.40 0.33657€ 04
3¢ 247.8 0.10843E 07 Z4.C7 Ci34C21F Q4

UNCERTAINTY IN REX=1G75€.

HCLE RIG #*%% NAS-3-14336

STANTON NUMBFR CATA

TINF= 20.23 DEG C

XV0= 108.4 CM

STANTCN NO DST
0.25776E-02 U0.736E-04
0.22246E-02 0.759E-04
0.21458E-02 0.751E-04
D.26965E-02 D.736E-04
0.25808E-02 0.736E-04
0.2881l6E-02 O0.726E-04
0.2E7S8E-02 0.728E-04
0.28699FE-02 0.728E-04
0.28183E-02 0.721E-04
0.285615-02 0.725E-04
0.28013E-02 0.719E-04
0.270176-02 0.711E-04
0.232870E-02 0.809E-04
0.23756E-02 0.884E~04
0.22927E~N02 0D.875F-04
0.22427E-02 0.B49E-04
0.22141F-02 0.841E-04
0.21576E-02 0.824E-04
0.21002E~02 0.794E-04
0.21233E-02 0.895E~-04
0.2C2C7E-02 Q0.769E-04
D.15867E-02 Q.777£5-04
0.16671E-02 0.757E-04
0416722E-02 0.776E~04
0.151688E-C2 0.750E-04
0.19122E-02 0.7685E-04
0.1S645E-02 0.714E-04
0.15068k-02 0Q.790E-04
0.19346E-02 J.738E-04
0.16121E-02 0.761E-04
0.16771E-02 Q.737E~C4
0.18631€-02 0.731c-04
0.1E491E-02 0.732€-04
0.1E6¢36F-02 0.712E-04
0.16128F-02 (.T44F-04%
0.17657E-02 0.805E-04

UNCEPTAINTY IN F=0.05145 IN RATIO

DREEN
20.
21.
22.
23.
25.
26,
27.
28.
29 .
30.
31
32.
32.
32.
32.
32.
32.
32.
32.
32.
33.
33.
33.
33.
33.
33.
33.
33.
33.
33.
33,
33.
33.
33'
33.
33.

M

0.42
0.41
D.41
0.40
0.40
0.42
0.41
0.41
0.40
0.40
0.40

.F-

0.0137
0.0134
0.0132
0.0131
0.0130
0.0137
0.0133
0.0131
0.0131
0.0129
0.0130

T2 THETA

21:58 0.085
21.96 0,109
21.89 0.104
21:86 0.103
21494 9.108
22406 0,115
21496 0,109
223:01 0.112
22402 0.113
22.07 0.116
22406 0,115

DT+

0.01%
0.01%
0.019
0.019
0.019
0.019
0.019
0.019
0.019
0.019
0.019

e,
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RUN 105074-2 #=* DISCRETE HOLE RIE #%* NAS-3-1433¢
TACB= 20.21 DEG C UINF= 11.68 M/S TINF= 20,25
FHO= 1.200 KG/M3 VISC= 0.15043E-04 M2/S Xv0= 10E.4
Cp= 1911. J/KGK PR= 04716
dk 520H3L 40 NM=0.4 TH=1 P/D=5 *okk
PLATE X RE X T0 REENT STANTCN NO
1 127.8 2.15071E 0€ 37.41 Ji48134E 03 0.28623E-02
132.8 0.19017E 06 37.41 0259124t 03 0.27090%-02
3 137.9 D.22562E 06 327.41 Ci11283E 04 0.22744c-02
4 143.0 +26908E 96 37.45 0416832E 04 0.1€7C8%-02
5 14841 0.3C853FE 06 327.43 0.22125E 04 0.179225-02
6 153.2 0.324788E 06 27.45 Ce27492E 04 0.17142£-02
T 15842 0.38744E 05 Z7.47 C.328B77C 04 0.16797%=-02
8 1€3.3 0.42689E 06 27.45 (438132 04 0.1¢6504E~-02
S 168.4 0.46635E 06 37.43 0.482728 04 0.1€210E-C2
10 173.5 0.5058JE 06 27.45 C44B81G65E 04 0.15877E-02
11 178.6 0.54525E 06 37.47 0453530t 04 0.15€6536-C2
12 183.6 0.58471E 06 27.45 Ci58556F 04 0.15391E-02
2 187.5 C.€l469E 06 36,24 0463457 G4 0.14113€-02
14 190.1 0Q.63501E 0¢ 26.C¢ 0263750 04 0.147C3E-Q2
15 192.7 0.65532E 06 26.21 0.64046E 04 0.14428E-02
16 195.4 0.67535E 0€ 26,21 0464341E 04 0.14528E-02
17 158.0 0.69616E 0¢ 26.31 C+64637E 04 0.14577E~-02
18 200.6 0.71648E 06 Z€.:21 Ci64G30E 04 0.14273€-02
19 203.2 0.73¢80E 06 36.29 0.65216E 04 0.13838C-02
2C 205.8 0.75712E 06 26.21 0.65506F 04 0.14633%=-02
21 208.5 0.77744E 0¢ 26,24 Ci65762E Q4 0.13512E-02
22 211.1 GC.7S776E 06 26,33 0i66071E 04 0.13937E-C2
22 213.7 0.B1808E 06 :6.33 0.66352E 04 0.13625E~02
24 216.3 0.t3B49E 06 36.48 0166629E 04 0.12584%-02
25 z18.9 (0.ES5891E 06 326€.34 0466904F 04 0.13534E-02
26 221.6 (0.87923E 0€& 26,16 0467182E 04 0.12787€~-02
21 224.2 0.89955t J3€& Z5.€1 Qi6T458E 04 0.13287E-02
28 226.8 0.91GS87FE 06 36,71 0467730t 04 0.135055-02
25 229.4 GC.S4019E 06 326.23 Ci68008E 04 0.13791£-02
30 232.0 (0.96051c 06 z6.f:0 0468250 04 0.13928£-02
31 2Z34.6 (.S8C82E 06 36.52 0.68569F 04 0.13522E-02
32 237.3 (C.lU012E 07 2€.323 Cib8848F 04 0.12914E-02
32 239.9 0.10217F 07 36,33 03169130E 04 0.13757€~C2
34 242.5 0.17423F 07 26.12 0a69409E 04 0.13668E-02
35 245.,1 0.10623F 07 326.21 0169686E 04 0.13633€E-02
36 247.8 C.1C826F 0T Z25.%4 0i6SS60E 04 0.13265E~02

UNCERTAINTY IN REX=198727.

STANTOMN NUMBER DATA

DEG C
CHM

DST
0.684F-0%
0.670E-04
J.635E-04
0. 605E-04
J.601E-D4
0.595E-04
0.593E-04
0.591F-04
0.550E-04
0.588E~04
0.586E-04
1+584c-04
0.526E=04
0.588E~04
0.588E-04
0.583E-04
0.585E-04
J.578BE-04
0.55BE~04%
7.574E-04
0.552E~C4
0.568E-04
0.555E-04
0.570E~-04
0.558E-0U4%
0.586E-04
0.521E-04
0.58TE-04
0.551E-04
0.5892E~-04
0.563F=04
0.563C-04
0.569E-04
J+548E-04
0.584E-04
0.628E-04

UNCERTAINTY IN F=0.05146 IN RATID

DRETN

20.
23,
29.
35.
39.
43,
47,
50.
53.
56.
59.
bl.
£3.
63'
63.
63.
63.
63.
03.
63.
63.
3.
63‘
63‘
63'
63.
63.
63 .
63.
63.
63.
63.
63‘
63.
63.
63.

M

0.39
D40
0.39
0640
0.41
0.40
0.38
0.38
0.43
De41
Ja.41

3

0.0126
0.0129
0.012%
0.0130
0.0132
0.0131
0.0122
0.0121
0.0138
0.0132
0.0134

T2

35:40
364:l15
36ilb
25493
35479
35.5¢
36 .29
35.63
25511
34,88
34472

THET A

0.883
J.926
0.925
J.913
0.903
7.891
0.932
0.895
0.864
0.850
0.841

DT 4

0.0L8
0.018
0.018
0.018
0.018
0.018
0.018
0.018
0.018
0.018
0.018
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RUN 103074~1 ++% DISCRETE HCLE RIE %%% NAS-3-1423¢ STANTON NUMBER DATA
b £20HSL4C M=C.4 Tk=0 P/D=5 ok x

RUN  103074-2 *kx DISCRETE HOLE RIE *** NAS-3-14336 STANYCN MUMBER DATA

%% 520HSL40 M=0.4 TH=} P/D=5 ek k

LINEAR SUPERPOSITION IS AFPLIED TO STANTON NUMBER CATA FRCM
RUN NUMBERS 103074-1 AND 103074~2 TO NBTAIN STANTCN NUMBER DATA AT TH=0 AND TH=1

PLATE  REXCOL RE DEL2  ST{TH=0) REXHOT PE DEL2  ST(TH=1) ETA STCE
1 153954, 482.1 9.C22678  150712.9 481.3 0.002862 UYUUJJ 1.078
2 190471.8 605.7 0.003280 190167.8 58,7 0.002€33 0,197 1.106
3 22658E.8 734.8 1.C02251  225621.7 1181.6  2.9)2171 2.332 1.139
4  269505.8 861.2 0.00Z147 2€%075.6 1770.1 0.001768 0.438 1.138
5  309022.7 685.2 J.003132 308529.5 2332.5 0.71674 .46 l.l64
6 348535, 7 1107.1 0.C0303%  347983.4 29G8.5 C.001530 0.479 L.l55
7 38805647 1227.3 0.C03050  387437.3 3491.8 C.3)1522 0.571 1.186
8  42715732.6 1347.6 0.C03041 426891.3 4067.S 0.001516 0.532 1.206
9 467090.6 1466.7 0.C02983  466345.1 4605.7 0.0014%3 0.500 1.204

19 506€07.6 1585.7 0.C0%042 50575S.1 €145.2 0.0)1388 0,544 1.248
11 54612446 1704.9 0.00299 545252.9 £744.4 0,091327 0.556 1.266
12 £35¢41.6 1821.1 58473649 £315.4 0.)J1282 0.556 1.219
13 €l5€T4.6 1904.0 0.002541 £14€91.9 €8E82.6 04001235 0U.526 1.084%
14 635025.8 1555.6 0.C02519  635010.6 £907.5 3.20127% 0,492 1,281
15  ¢56377.0 2006.0 3.G02427 655329.4 €933.€ C.001263 U.4B0 1.049
16 676826.8 2054.8 0.002368 67574646 £959,7 0.97128€ 2.457 1,329
17T 697276.9 2102.7 0.CC2334 65616440 €S586.C 0.001298 0.444 1.020
18 717628.1 2149.6 0002273  716482.8 7912.1 0.2I1273 D.4%0  1.000
19 137¢76.2 2195.3 0.002214  726801.5 7037.6 C.001232 0.443 0.979
20 75823C.6 2240.6 0.002224 757120.3 7053.6 0.001224 0.405 0.989
21 778682.1 2284.9 0.C02127  777435.3 7069.4 C.001210 0.431 0.951
22 759033.3 2327.7 0.002080 757758.0 71l4e€ C.00126E 04290 0.935
23 819284.5 2369.9 J).(002063  81807&.8 714349 2.001235 0.401 0.932
24 839834, 3 2412.) 0.C02065  838493.9 7165.1  C.C01228 0.406 04539
25  £602B4.4 2453.6 7.€02CCe  858911.4 7193.1 0.371234 ).386 J.916
26 B8BUE35.6 24% .4 (.001998 879230.1 7215.6 C.00126& 0.366 0.915
27 €CCSB6.9 2535.8 2.002065 899548.9 726046 0.091194 1.422 J.959
28 $21338.1 2577.2 0.C01S55  $15867.6 1265.3 0.001233 04382 0.922
29 94168¢.6 2618.,1 10.002023 840186.6 1298s6 CaD)1262 Y276 0.939
39 662040.8 2€53.0 0.061554  €6C505.4 7316.5  C.001283 04357 0.930
a1l 582392.0 2699.3 0.001960 980824.1 7342.2 0.901242 0,366 D.918
22 1002841.9 2739.9 J.C01538 1001241.0 1368.9 0.001292 0.333  J.911
33 1023291.0 2778.3 0.C01924 1021656.0 7394.1 €.001276 04337 0.°08
34 1043£43.) 2817.7 2.001642 1241977.9 7419.9 7.001262 9.352  3.921
35 1063%94.0 2856.7 0.001884 10¢€2296.0 445.6 C.001268 0.327 0.856
36 10664345.0 2894.6 0.001835 1082614.0 7% 7lel 0.331234 0.328 0.877

STANTCN NUMBER RATIO BASEL OM STXPR&k%0.4=0.0295%REX%¥(-,2)

STANTON NUMBEZR RATIO FOR TH=1 IS CCNVERTED TO CCMPARABLE TRANSPIRAT ION VALUE
USING ALCG{(L + B)/B EXPRESSICN IN THE BLOWN SECTICN

F-COL

0.0000
0.0137
0.7134
0.0132
0.0121
0.0130
3.0137
0.0133
0.0131
0.0131
0.012%
0.0130

STHR

1.035
0.888
€. 762
G.63¢
G.622
0.601
2. 592
Ol.t01
0,602
0.569
0,552
G.541
8.514
Je549
0.545
0.559
0.567
€. 560
0.545
0. %8¢
0.541
C.57U
0.558
0.557
1.562
0,530
«£49
057N
0.53¢
04598
0.582
0.£07
0.€92
0,598
0.692
0.589

- HOY

0.3000
0.0126
0.0129
0.0125
JeJ120
0.0132
2.7131
0.J122
J.2121
0.0133
0.2132
0. 0134

1.036
2.420
2.336
2,157
2,222
24250
2.249
2.197
2,215
2.369
2.293
2.323



0LT

RUA

RHC=

cP=

Aok sk

FLATE

1

Vo-~Noumdbwn

-102874

d¥szd OISCRETE HOLE RIG %k NAS=3-14336

TACB= 21.55 DEC C UINF= 11.76 M/S
L.185 KG/M3 VISC= 0.15252E-04 M2/S
1014. J/KGK PR= 0.717
520HSL75 M=0.75 TH=0 P/C=E ek

X REX 70 REENTH
127.8 0.14S57€ 06 z7.12 0452663
132.8 0.18873E 06 27.09 0i6506GE
137.5 C.227B8BE 06 37.09 0.81210E
143.0 0.26703E 0¢ 327.11 Ci99426€E
148.1 0.30619E 06 37.11 0.L17208
153.2 J.324534E 06 27.09 0i13457E
158.2 «38450E 05 37.09 0i15215€E
163.3 0.42365E 06 27.09 0417034E
168.4 0.4628B1lE 06 37.07 0.18832E
173.5 0.5019€E 0¢& 27.11 0.20630E
178.6 0.54112FE 06 :7.1ll 0422425E
183.6 C.58027E 06 37.12 0424255E
187.5 0.61003E 06 34.178 0125717
190.1 0.€3013F 06 34.42 0i26312E
192.7 0.65036E 06 Z4.16 0i2688¢EE
195.4 0,.,6T062E 06 24.82 0427445E
168.0 0.69088E 06 Z4.E¢ 0427990E
200.6 0.71105E 06 34.80 042852%E
203.2 0.73121E 0¢ 34.74 0i29051E
205.8 0.75138E 06 35.01 0429562E
¢08.5 C.77154E 06 24.89 0.30063E
21l.1 0.79171E 0& 25.(5 0430556E
213.7 0.8l187€ 06 35.01 0431038
216.3 0.83213E 0¢ 35.14 0431€12€
218.9 0.85240E 06 34.99 0.31878E
22146 Q.ET256E 26 24.5°% Ca32437E
22442 0.89273E 06 323.6G2 0432866E
226.8 J.S5128GE 06 25.05 G6i33351C
22544 0.93306E 06 35.03 0433800
232.0 0.95322E 06 Z5.49 0334243
234.6 0.97338E 06 35.45 033467SE
237.3 0.99365E 0¢ 25.37 0435106E
239.9 0.10139E 07 325.325 Ci35¢27¢
¢42.5 0.10341F 07 35.09 0.35946E
245.1 0.10542FE 07 35.20 Ce36357
247.8 0.10744E 07 34.57 0i36757E

UNCERTAINTY IN REX=16571.

T INF=
Xvo=

21 .49
108.4

STANTON NO
0.30046E-02
»32323E-02
«35951E~02
0.257CSE-02
0.35069E~02
0.24026E-02
«24224F-02
0.34109E-02
0.34233E-02
0.24535E-02
0.34421E-02
0.32651E-02
0.268853E~-02
0.29097E-02
0.27964E-02
0.27242E-02
0.2€714-02
0.2¢268F-02
0.258718-02
0.24778E-02
0.24791E-02
0.241 C(7E-Q2
0.22607E-02
0.23358E-C2
0.228545-02
0.22621E-02
0.22818E-02
0.22270€-02
0.22224E-02
0.21672€E-02
0.21442E-02
0.20922%-02
0.2(782€-02
0.2C716E-02
0.2C019€E-02
0.18567E-02

STANTCN NUMBER DATA

DEG C
CM

DST
0.749E-04
0.781E-04
0.807E~04
0.804E-04
0.757E-C4
0.7BBE-04
0.730E-04
0.789E-04
0.751E-04
D.792E-04
0.791€~-04
0.783E=~04
0.990E-04
0.106E~-03
0.105€-03
0.102E8-03
0.100E-03
0.985E-04
N.954E-04
0.940E-04
0.921E-04
0.922E-04
0.851E-04
0.904E-04
0.871E-04
0.912E-04
0.815E-04
0.906 E-24
0.832E-04
J.856E-04
0. 826E-04
0.811E~04
0.812E-04
0.782E~04%
0.813E-04
0.873E-04

UNCERTAINTY IN F=0.05146 IN RATIO

JREEN
23.
22.
26.
30.
33.
36.
39.
41.
44 .
46.
48.
50.
Sl.
51.
51.
51.
51.
51.
51.
5.
5l.
51.
51.
51.
51.
51.
51.
Sl.
51.
51.
51.
51.
5l.
51.
51.
51.

M

0.78
0.79
0.79
0.79
0.79
0.78
0.78
0.79
2.79
0.79
D.79

F

0.0254
0.0256
0.0257
0.0256
0.0254
0.0253
0.0254
0.0255
0.0255
0.0256
0.0255

T2 THETA

21 .89
22i14
224310
22309
22115
22125
22121
22319
22419 0.045
22327 0.050
22.28 0.050

0.026
0.042
0.039
0.038
0.042
0.049
0.0%6
0.045

DTA

0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020
0.020



T.LT

FUN

102974

*¥&x DISCRETE

TACEB= 21.24 DEG C
1.186 KG/M3

RHC=

tP=

*xk

PLATE

NN DN e

UINF=

11.75 M/S

VISC= 0.15254E-04 M2/8

1011« J/KGK PR=
520HSL75 M=0.75 TH=1
X REX TO
127.8 Ja14S4EE 06 Z8.15
132.8 0.18861F 06 38.13
127.9 0.227745 06 328.13
143.0 0.26683E 26 23,11
148.1 0.30601% 06 323.13
153.2 0.34514E 06 :8.12
15842 0.38427E 06 Z28.13
163.3 0.42249F U6 28,13
168.4 V.46253E 06 Z8.1°%
173.5 0.E)16€E 96 38,13
17846 0.54080% 06 28.15
183.6 D.57993F )6 Z8.15
187.5 0.60967E 06 36.£7
160.1 0.62682E 06 26.4C
192.7 0.64997E 0& Z6.72
165.4 QC.ETC22FE 06 26.178
198.0 0.69047E 0¢ Zé.t4
200.6 U.T1063F D€ Z6.84
23342 0.73076E €& 26.E6
205.8 U.75093E 0& 27.(3
208.5 0.77108E 0& 27.C5
2ll.1 0.79124E 06 37.05
213.7 0.B1139E 06 27.(5
216.3 04E31€4F 06 Z27.22
¢18.9 0.E518%E 06 37.12
221.6 0.87204E 0€& 26.59
224.2 0.89219E 06 26.36
226.8B 0.S1235E 06 Zz7.1¢
22%.4 0.63250E 06 3T.12
23240 04952555 06 27.45
234.6 0.5728lE 06 27.47
237.3 0.6930€E 06 27.35
239.5 0.10133E 07 27.35
<42.5 0.123335€E 07 27.16
245.1 0.1053¢E 07 27.24
247.8 0.10738F 07 26.63

UNCERTAINTY IN REX=1656¢.

P/D=¢

J.715

* kx

REFRNTH
Ce52622E
Ce63886E
D.16217¢F
0425659F
0.35770F
Ce45012E
0.54459E
C453830E
0473257E
0.825€E5E
C.91618E
0.10041E
0.10857¢C
0+108G3E
0il0s2¢E
0410964
C.10SS7E
€.11030€
0411C62E
0411092E
Calll22E
Cilll51E
0411179E
0s112C7E
0111234E
Cal1260E
0411286E
Cil1211E
0111336E
Cill362E
0all3B6E
0s11411E
0411435E
0411459E
Q4l1482€
0.11505€

HCLE RIG *%¥ NAS-3-1422¢

STANTON NWBER DATA

TINF= 21.18 DEG C

Xv0=

STANTON NO

J.265122-02
0.280228-02
J.28625€E-02
0.2%1828-C2
0.23260€~-02
0.22077€E-02
0.22073E-02
0.21405E-02
0.210978-02
0.2C745E-02
0.20348€E-02
0.19961E-02
0.18335E-02
D+17976E-02
0. 172€3E~02
0.168%2E-02
0.1€454E-02
0.15377€E-02
0.15378E-02
0.15012€-02
0.14372E-02
0.14366E-02
J.13848E-02
0.12515E-02
0.13032€-02
0.13242E-02
0.12336E-02
0.12535€-02
0.12614E-02
3.12432E-02
0.120528-02
0.12063E-02
0.1186%E-02
0.11673E-02
0.11535E-02
0.11298E-02

10€.4 CM

DST
0.TIVE-D4%
0.687E-04
0.693E-04
0.664E-04
0.648E-04
0.639E-04
0.639E-04
0.634E-04
0.631E-04
0.629E-04
0.626E~-04
0.623E-04
0.644E-04
0.691E-D4
0.683E-04
0.661E-04
0.5650E-04
0.634E-04
0.603E-04
0.599E-04
0.578E-04
0.585E-04
0.564E-04
0.572E-04
0.54TE-04

-0«5T1E-04

0.499E-04
0.559E-04
0.518E-04
0.540E-04
0.519E-04
0.517TE-04
0.514E~04
0.492E-04
0.526E~04
0.559E-04

UNCERTAINTY IN F=0.0514¢ IN RATIO

DREEN

20.
31.
46.
57.
67.
T4.
82.
88.

100.
105.
109.
111.
111.
111.
111.
111.
111.
11l.
111.
111.
111.
tl1.
111.
111.
11l.
111.
111.
11ll.
111.
111.
111.
ill.
111.
111.
l1l.

M

0.74
0.73
0.74
0.70
0.73
0.73
0.72
0.73
0.72
0.72
0.71

F

0.0241
0.0238
0.0238
0.0227
0.0238
0. 0236
0.0233
0.0237
0.0234
0.0233
0.0231

T2

36186
37.03
37130
37414
36483
36185
ATuls
36174
36439
36411
35444

THETA

0.925
0.935
0.952
0.9¢1
0.923
0.924
0.941
0.917
0.897
0.879
0.840

DT+

0.018
0.018
0.0L8
0.018
0.018
D.O18
0,018
0.018
0.018
0.018
0.018



glt

RUN 102874 w¥k DISCRETE HCLE RIG *%% MNAS-3-]14226 STANTCN NUMBER DATA
hiakd 520HSL75 M=0.35 TH=0 P/D=5 *Ex

RUN 102974 *kx DISCRETS HCLE RIG ¥%% NAS-3-1433¢ STANTON NUMBER DATA

k% 520HSLTS WM=0.75 Th=1 P/D=5 LA

LINEAR SUPERPOSITICN IS AFPLIEC TO STANTUN NUMBER DATA FRCM
RUN NUMBERS 102874 AND 1J2674 T0 OBTAIN STANTCN NUMBER CATA AT TH=0 AND TH=1}

PLATE REXCOL RE D&L2 ST(TH=0} REXHOT RE DEL2 ST(TH=1} ETA STCR
1 146570. 7 52646 0.003CC5 149481.8 526.2 0.932951 UUUUU 1.088
2 183725. 4 €51.0 0.003348 188612.1 638.0 0.002758 04176 1.127
3 22768040 787.4 0.003€23 227744 .4 1689.&6 0.002805 04226 1.266
4 267C34.7 929.2 0.C0Z¢€18 ZEEBTS5.8 2721.5 (.002452 04322 1.306
5 306189.3 1069.7 0.003557 306007.2 3745.2 0.002256 O0.366 1.319
-] 345343,9 1207.9 J.003457 34213846 4718.5 0.002117 04388 1.313
7 384498.6 1342.9 0.003485 384265.9 5731.0 0.002102 0.397 1.353
8 423652 1479.2 J.C0347S 423401.3 €734.1 0.072044 J.413 1.377
S 462807.9 1615.7 0.€03491 462532.6 172645 0.C02004 0.426 1.406
10 £01S62. ¢ 1753.1 0.003£25 501664.0 8721.6 0.,00192€6 0.454 1.443

11 541117.2 1891.0 0.(C02£21 54C795.3 672244 C.001B48 0.475 1.463
12 580271.9 2027.5 0.0G03450 579926.7 10702.8 0.00175% 04490 1l.454
13 €610C2G9.4 2125.9 J.C0205¢ €0G66€.6 1165647 0.001&634 04455 1.301
14 €301%94.1 2186 .8 0.002978 629819.3 116892 0.0J31605 04461 1.276
15 £50358.7 2245.7 0.C0Z2E¢€2 64¢571.5 11721.1 C.001543 0D.461 1.234
lé 670€21.0 2302.8 0.002788 670222.1 11751.5 C.00151C 0.458 1.209
17 690E82, 6 2358.5 3.£02735 690472.7 11781l.6 0.001468 04463 1.193
18 711048.3 2413 .3 0.002690 710625.3 11811.1 C.001420 G.472 1l.181
15 131212.65 2467.2 J.002652 130777.9 11839.1 0.2)135€ J.489 1.170
29 151377.5 2519.6 (Cl.C02538 150930.6 11866.2 0.001332 0.475 1.126
zl 171542.4 2570.9 0.002543 771083.5 11692.3 0.001257 0.5)6 1.1325
22 i917C7.0 2621.5 0.002471 76123¢.1 11917.8 0.001268 0.487 1.108
23 8l1E71.6 2670.9 0.002421 811388.8 11942.€ (0.001216 04493 1.0651
24 832133.9 2T19.5 0.002357 831€36.0 11967.C (0.001181 0.507 1.085
25 €5239¢.56 2767 .4 0.002346 £5188G.5 11990.2 0.001123 0.517 1.068
26 872561.1 2814.5 0.002320 872042.2 12913.5 9.031162 0.499 1.061
27 852725.8 286ls5 (0.002346 892194.8 12035.8 C€.001052 0.552 1.078
Z8 S12E9C.4 2908.4 ). 002287 S12347.4 12057.4 0.771085 04526 1.055
29 633055.3 2954 .5 0.€02282 932500.3 1207%.4 0.00109% 0.520 1.057
) 653216.9 3C0J.0 J.(00cz224 952652.9 12101.4 0.021083 DJ.513 1.035
zl §73384.6 3044.7 9.C02202 §72805.6 12122.8 0.001043 0.527 1.029
2 6G3€4¢€. 6 3C3%3.6 U.002147 993055.8 12143.% 0.001052 2J.510 1.008
33 1013509.0 2131.8 0.€C2133 1013306.0 12165.C €.001033 04516 1.005
34 1C34074.0 3174.3 0.002127 16033456.0 12185.€ 0.001011 0.525 1.006
35 1054238.0 3217.0 0.00z054 10¢%2&ll.0 12206.0 0.001011 0.5208 0.975
36 1074403.0 3258.0 0.002008 1073764.0 1222¢€.1 0.000987 04509 0.957

STANTCN NUMBER RATIO BASEC OM STAPFF%0.4=0,0295%REX¥*(—-,2)

STANTCN ANUMBER RATIO FOR TH=1 IS CCNVERTED TO COMPARABLE TRANSP IRATION VALUE
LSING ALOG(1 + B)/B EXPRESSICM IN THE BLOWN SECTICN

F-COL

0.0000
0.0254
0.0256
0.0257
0.0256
0.0254
0.0253
0.0254
0.0255
0.92255
0.0256
0.02255

STHR

1.068
D.928
g.981
@.885
0.837
0. 804
B.816
0.809
0.807
0.788
0.768
8.741
0695
0.¢688
D.665
0.€55
0.640
0.623
0.598
0.591
0.561
0.568
0.548
0.535
3.516
0.531
0.483
0.531
0.507
8.504
0.487
0.49%
0.486
0.478
0.480
0.470

F-HOT

0. 2000
02241
0.02328
0.0238
0.0227
0.0238
0.0236
0. 0233
043237
0. 0234
0.2233
0. 2231



LT

RUN 120274 VELOCITY AND TEMPERATURE PROFILES

REX

Xvo

UTINF
vVisc
PORT
XLoc

f  uw b n

Y(CM,)

0.025
0,028
0. 030
0.033
0.C38

0,043
0.051
0.061
0.C74
0,089

0.107
0.127
0.150
0.175
0.201

0.226
0,251
0.277
0.302
0.328

0.353
0.378
0e404

. 04429

0.455

0.480
0.505
0,531

0. 145

0.149

Y/DEL

0.054
0.060
0.069
0.071
0.081

0.092
C.108
0.130
0.157
0.190

0.228
0.271
0.320
0.374
0.428

0,483
0.537
0.591
0,645
0.700

0.754
0.808
0.862
0.917
0.971

1.025
1.079
lel34

92€E 06

109.04
11.62
11E-04
19
127.76

REM
DEL2
DELS
S DEL1

H
CF/2

U(M/S) U/UINF

3.21
3.30
3.3¢
3.45
3.5%

3.88
4elS
4.48
4.83
5.33

5,66
6.3¢
T.02
7,86
8.53

9.13
9.61
9.98
10.41
10.76

10.90
11.1C
11.22
11.35
11.47

11.51
11.55
11.62

0.276
0.284
C.289
0.297
0.309

C.334
0.361
C.386
0.415
0.459

C.490
C.547
0.604
0.676
0.734

0- 186
C.827
C.859
C.896
0,926

C.938
0.955
C.968
C.977
0.987

C.990
0.994
1.000

9

LI S T 1]

501,

0.064
0.4068
0.137
2.130

= 0.15863E-02

13.4
15.8
18.9
2249
276

33,1
35.4
4645
54.4
62.3

70.2
78.0
85.9
93'8
101.7

109.6
117.5
125.3
133.2
l4l.1

143.0
156.9
164.8

U+

6.93
7.14
1.27
Teal
T.76

6.39
9.05
9.606
10,43
11.52

12.2%
13.74
15.17
lo.98
18.43

19.73
20.76
21.506
22.50
23.24

23.56
23.99
24.31
24452
24.78

24487
24,917
25.11

REH = 430.
CM. DEH2 = 0.055 CM,
CM., DELTY99 = 0.479 CM.
CM. UINF = 11.62 M/§
VISC = 0.14931E-04 M2/S
TINF = 17.86 DEG C
TPLATE = 34.06 DEG C
Y(CM.} T(DEG C} TBAR TBAR .
0.,0L65 31.77 O.14]l 0.859
0.0191 30,65 0.211 0.789
Ve 0216 30.12 0.244 0.756
ve0241 29.81 0.263 0.737
0.0292 29.22 0.299 0.701
0.0343 28465 04335 0.665
0.0419 28.12 0.368 0.632
0.0495 27.55 0.403 0.597
00597 26.99 04438 0.562
U. 0724 26.42 04473 0,527
U.0851 25.80 D.512 0.488
0.1003 25.21 0.548 0.452
0.1156 24.66 0.582 0.418
0.1334 23.87 04631 0.369
0.1537 23,07 0.681 0.319
0e1791 22.17 0.737 0.263
0.2045 21.39 0.784 0.216
0.2299 20.72 0.826 0.174
0.2553 20.10 0.864 0.136
0.2807 19.56 0.898 0.102
0.3061 19.23 0.919 0.081
0.3315 18,89 0,940 0.060
03569 18461 04957 0,043
Qe 3823 18.42 0.969 0,031
0.4077 18.30 0.976 0.024
004331 18.17 0.984 0.016
0.4585 18,12 0.987 0.013
0.4839 18.05 0.992 0.008
0.509 18.00 0.995 0.005
0.535 17.98 0.996 0.004
0.560 17.95 0.598 0.002
0.585 17.92 1.000 0.000

TSR



74T

RUN
RHO=
cp=
Rk Xk

PLATE
1

Vo=~

120274

*kk DISCRETE HCLE RIG *%% NAS-3-14336

TADB= 17.70 DEG C U INF= 11.55 M/S
1.202 KG/M3 VISC= 0.14511E-04 M2/S
1012. J/KGK PR= Q4T17
5 20HSLF P P/D=10 kX

X RE X 10 REE NTH
127.8 0.14482E 06 23.€3 044 2884E -
132.8 0.18417E 06 Z=3.¢€2 C453195E
137.9 0.22351E 06 @3.¢€5 0:i6428SE
143.0 0.,26285E 06 323.65 CI75171E
148.1 0.30220E 06 .23.¢€3 04i85825¢E
153.2 0.34154E 06 33.65 0196241E
158.2 0.38088E 06 233.¢€9 0110£30E
163.3 0.42023E 06 23.69 4i11602E
168.4 0.45857E 06 :3.¢€5 0i1255CE
173.5 0.49891E 06 23.63 - 0.13489E
178.6 0.53826E 06 Z3.¢65 Cal4409E
183.6 0.57760E 06 33.67 0i15312E
187.5 0.€0750E 06 =2.24 0i15967E
190.1 0.62776E 06 2l.E¢ 0416390E .
192.7 0.64802E 06 :22.09 0416822E
19544 0.66838E 06 32.(9 0417251E
198.0 0.68874E 06 32.07 0.17678E
200.6 0.70901F 06 21.59 0418107E .
203.2 0.72927E 06 21.S3 0418532E
205.8 Q.74952E 36 :2.05 C.18851E
¢0€.5 0.76S79E 06 :zl.E2 0+19380E
211.1 (.79005F 06 21.82 0ilS8C8E
213.7 0.81032E 06 21.47 042022SE
216.3 0.83068E 06 22.07 CJ420¢640E
218.9 0.85104E 06 31.93 0421055E
221.6 0.87130FE 0¢ Zl.84 0421468E
224.2 0.89156FE 06 30.80 0421886E
226.8 0.51182F 06 21.88 0422303E
229.4 0.53208E 06 21l.€2 Ci221722€
232.0 0.95234E 06 22.20 0i23142E
234.6 0.57261E 06 22.20 04235%4E
237.3 0.99297E 06 32.05 0123 960E
239.9 0.10133E 07 :22.03 0i24363E
242.5 0.10336E 07 31.78 0424764E
24S.1 0.1053%E 07 31.65 03i25162E
2478 0.10741E 07 <21.6€5 0i25548E

T INF=
Xv0=

17.64
106.1

STANTON NO

0.24237€-02
0.281 T6E-02
0.2€8203E-02
0.27133E-02
0.27025€E-02
0.25923€E-02
0.25213E-02
0.24206E-02
0.23988E-02
0.23729€-02
0.23021E-02
0.22901E-02
2.201 78E-02
0.21461E-02
0.21198E-02
0.21015€-C2
0.21148BE-02
0.21121E-02
0.20924E~02
0.208€6€E-02
0.20791E-02
0.21458E-02
0.199658-02
0.20617E-02
0.20266E-02
0.204 E0E-D2
0.20741€-02
0.20389E-02
0.2C865E-02
0.20533E-02
0.20084E-02
0.19943€E-02
0.19780E-02
0.15818E-02
0.15455E-02
0.18581E~02

STANTON NUMBER CATA

DEG C
CM

DST
0.692E-04
0.726E-04
0.725€E-04
0.715E-04
0.715E-04
0.705E~-04
0.698E-04
0.690E-04
0.689E~04
0.688E~04
0.682E-04
0.680E-04
0.712€-04
0.805E~04
0.813E-04
Ce. 799E-0%
0.805E-04
0.804E-04
0.785E-04
0.799E-04
0.763E-04
0.813E-04
0.772E-04
0.802E-04
0.779E-04
0.827E-04
0. 743E-04
0.831E-04
0.781E-04
0.804E-04
0.778E-04
0.769E-04
0.770E-04
0.74TE-04
0.783E-04
0.829E-04

DREEN
39.
39.
39.
40.
40.
40.
40.
40.
40.
40.
40.
40.
40.
40.
40.
40.
40:
40.
40.
40.
40.
40.
40.
40.
40.
40.
40.
40.
40.
40,
40.
40.
40.
40.
40.
40.

ST (THED)
0.31299E-02
0.29831E-02
0.28698E-02
0.27782E-02
0.27018E-02
0.26364E-02
0.25796E-02
0.25293E-02
0.24845E-02
0.24440E-02
0.24072E~02
0.23734E-02
0.23496E-02
0.23342E-02

0.23195E-02

0.23051€E-02
0.22914E-02
0.22781€-02
0.22653E~02
0.22529E-02
0.22409E-02
0.22293E-02
0.22181E-02
0.22071E~02
0.21964E-02
0.21B61E-02

0.21761€E~02

D.21663E-02
0.21568E-02
0.21476E~02
0.21385E-02
0.21297€-02
0.21211E-02
0.21127E-02
0.21045E-02
0. 20965E-02

RATID
0.T74

- 0.945

0.983
0.977
1.000
0.983
0.977

0. 957 . .
0.965.

0.971
0.956
0.965
0.859
0.919
0.914
0.912
0.923
0.927
0.9 24
0.926 -
0.928
0.963
0.900
0.934
0.923
0.937
0.953
0. 941
0.967 .
0.956
0.93% -
0.936 .
G.933
0.938

- 0.924

0.886



L1

RUN

TADB= 18.88 DEG C

RHC=
cp=
ek
PLATE X
1 127.8
¢z 132,.8
3 137.9
4 142.0
5 148.1
6 153.2
7 158.2
8 163.3
9 168.4
10 173.5
11 178.6
12 183.6
12 187.5
14 190.1
15 192.7
16 195.4
17 1%8.0
18 200.6
16 203.2
20 205.8
21 208.5
22 21l.1
22 213.7
24 216.3
28 218.6
26 221.6
21 224.2
28 226.8
29 229.4
30 222.0
31 234.6
322 237.3
33 239.9
34  242.5
35 245.1
3¢ 247.8

1.202 KG/M3
1011. J/KGK

520HSL40 M=0.4

REX
0.14364E
0.18266E
0.22169E
0.26071E
0.29973E
0. 33875E
0.37778F
0.41680E
0.45582E
0.49484E
J.53387E
0.57289E
0.€2255E
0.62284E
0.£4274E
0.£€6263E
0.68313¢E
0.70322E
0.72332E

0.74342C

0.76351¢
0.T73361E
0. EC371E
0.£2390t
0.84410E
0.86419E
0.88429F
0.S0433E
0.52443E
J. 5445 8E
0.56468E
C.584B17E
0.10051E
0.10252€
0.10453E
0.10654E

121974~ »*» CISCRETE

U INF=

VISC=

PR=

TH=0 P/D=1¢

06
vé

TO

21465

2le55

21e55

Zl. 5
31.65
Il.¢7
2l.55
21.87
Z1l. 59
321.57
21.68
21.57
20. 55
20.21
20.50
20.5¢C
20. 50
30.44
ZJ.38

-30.46

20.42
30.48
30.44
20.48
30.42
20. 21
29.50
20. 325
30.33
20.£5
20.65
20.56
30.50
20.33
30.4¢
20.17

UNCERTAINTY IM REX=19511.

11.49 M/S
04716

Rk

REENTH
0452290E
Cs03028E
0a76321E
0489115E
0.10154E
Cill4a2C
0412666E
0.13891E
Cil5L6SE
0416 286F
C=17457E
0.18613E
Jél9522E
0420206E
C420644E
0421080E
C+21516E
0421954C
J3422390F
0i422825E
0423253
0423 676E
0124057E
C.24520E
Ci24945€
C+253¢€7E
0.25751¢€
0426215E
0426642E
0427C70E
0427487
0427897
C:28305E
0s28710E
0429110E
0429500E

0.14960E-04 M2/S

HCLE RIG *%* NAS-3-14336

T INF=
XvQ=

le.82
109.1

STANTON NO .
0.25906E-02
D.26126E-02
0.2¢1(8E-02
J.26511E-02
0.27423E~02
0.24729€-02
0.2€3C5E-02
0.24807E-02
0.24966E-02
0.23724E-02
0.24021E-02
0.22931E-02
0.21369E-02
0.21949E-02
0.21670€E-02
0.2161BEE-02
0.21707E-02
0.21862E-02
0.214508-C2
0.21768E-02
0.20816E-02
0.21244E-02
0.20623€E~02
0.214165-02
0.20792E-02
0.21110€E-02
0.21105E-02
0.20813E-C2
0.21508€E~02
0.21322E-02
0.204€E5E-02
0.20213E-02
0.2C261E-02
0.20017€-02
0.1¢7465-02
0.1€6951E-02

STANTON NUMBER DATA

DEG C
CM

ST
0.835E~04
J.B63E-04%
0.863E~-04
0.840E-04
U.84BE~04
N.824E-04
0.838E~-04
J.825€E~04
0.825E-04
0.816 E~04
0.819E-04
0.810E-04
D.TT7E-04
0.873F-04
0.871E-04
0.860E-04
0.866E=0¢4
0.872E-04
0.844E-04
0.861F~04
0.827E-0%
0.858t-04
2.832E-04
0.869E-04
0.8455~04
0.889E~-04
0.815E-04
0.890E-04
0.846E-04
U.865E-04
0.833E~04
0.828E-04
0.826E-04
0.799E~04
Ve842E-04
0.888E-04

UNCERTAINTY IN F=0.05155 IN RATIO

DREEN

29,
39,
39,
3¢.
40.
40.
40.
40‘
40.
40.
40,
40.
41.
41.
41,
4l.
41.
41.
41'
41.
4l.
41.
41.
41‘
41,
41.
41.

4l, -

4l.
4l.
4l.
41.
41.
41.
41.
4l.

M -
0.42
0.00
0.42
0.00
0.42
0.00

Jde 42
0.00

0.00
0.42

£
0.003¢4
0.0034
0.0034
0.0034
2.003¢4
0.0034
0.2034
0.0034
0.0034
0.0034
0.0034

12"

20476
31495
21:.09
31495
21410
31495
21419
31499
21623
31.95
21.27

THETA

0.147
0.147
0.173
0.173
0.173
0.173
0.180
0.180
N.183
0.183
0.186

DT+

0.023
0.024
0.023
0.024
0.023
0.024
0.723
0.024
0.023
0.024
0.023

o



9.T

RUN
TADB=
RHO=
cP=
%k ¥

PLATE

121074-2 *%«% DISCRETE HCLE RIG **% NAS-3-14336

18.94 DEG C
1.202 KG/M3
1011l. J/7KGK
520HSL40 M=0.4
X REX
127.8 0.14361F
132.8 0.18262E
137.9 0.22163¢€
143,90 0.26065E
148.1 0.29966E
153.2 0.33867E
158.2 0.37769E
163.3 0.41670E
168.4 0.45571E
173.5 0.49473E
17846 0.53374E
183.6 0.57275E
187.5 0.63240E
190.1 0.62250€E
192.7 (Q.64259E
195.4 0.66278E
168.0 0.68287E
200.6 0.70306E
203.2 0.72315E
205.8 0.74324E
208.5 0.76333F
Z2l11.1 0.78342E
213.7 0.80352E
2l6.3 C.E2371E
218.9 0.84390E
221.6 (0.€6399E
224.2 0.88408E
22648 0.90417E
229.4 Q0.6242¢€E
232.0 0.64435%
234.6 0.G€44°5E
237.3 0.58464¢E
239.9 C.10C48r
242.5 0.10249E
245.1 0.10450F
247.8 0.13651E

U INF= 11.49 M/S
VISC= 0.14S¢58~-04 M2/S
PR= 01716
TH=1 P/C=10 *kx
TD REENTH
06 22.57 Ci52278E
N6 22.58 C4622371E
06 32.60 0.851E52E
06 22.¢€0 0410750€E
06 2322.58 0.12698E
06 :2.¢€0 Cul4b0TE
06 322.¢0 0416558E
06 :22.€0 0i18504E
06 :z2.58 Ci2023 €€
06 32.58 0421945€
06 Zz2.¢€2 0423781E
06 22.58 0:255S17¢E
06 Z2l.4¢ 0L27116E
06 32.97 0128416E
06 Z23.:21 04287135E
06 23.21 Ci26CB6E
06 323.20 Ci29442E
06 Z23.14 0.25801E
06 23.10 0.30159E
26 =3.18 €.30520¢E
06 23.16 0:3087°¢¢E
06 Z3.12 043122GE
06 323.C4 0<31588F
06 33.23 Oa31944E
06 Z23.12 €.323G0E
06 22465 C432€61E
06 :2.2¢4 C.33016E
06 33.08 Q0i33371E
06 Z23.00 2433726E
06 33.27 0+34093E
06 Z3.29 0434451E
06 23.08 0434806t
37 323.10 0435156E
07 Z2.¢&7 Ca3550GE
07 33.02 C.35855E
07 z2.¢66 0+36166E

UNCERTAINTY IN REX=19507.

T INF= 18.88 DEG C

Xv3d=s 10%.1 CM

STANTON NO DST
0.248726-02 0.798E-04
0.2£185E-02 0.807E-04
0.251815-02 0.798E-04
0.23261E-02 D.T83E-04
0.2¢601E-02 O.T79E-04
0.21201E-02 0.768E-04
0.21561E-02 0.770E-04
0.20969€~02 0.766E-04
0.202376-02 0.762E-04
0.16612E-02 O0.757E-04
0.1S052E-02 0.752E-04
0.1€647E-02 0.751E-0C4
0.2179%9€E-02 0.725E-04
O« 14356E~-02 0.689E~-04
J.17495E-02 0.699E-04
0.17520E-02 0.694E~04
0.17827E~02 0.705E-04
0.1L7873E-02 0.707€E-04
0.177228-02 0.691E-04
0.18160FE-02 0.709€-04
0.17200E-02 0.68l1E-04
0.17964E-02 0.714E-04
0,17755E-02 0.6S7E-04
0.17629E-02 0.T17E-04
0.17737E-02 0.708E-04
0.18175E~02 0.744E-04
0.17406E-02 0.661E-04
0.175765-C2 0.737E-04
0.1€E053E-02 0.700E-04
0.181CBE-02 0.729F-04
0.17505E-02 0.706E-04
0.17774E-02 0.T04E-04
J.17362E-02 0.701E-04
0.17377E-02 0.678E-04
0.17046E-02 0.717TE-04
0.16870E-02 0.758E-04

STANTCN NUMBER CATA

UNCERTAINTY IN F=0.05155 IN RATIO

DREEN

39.
39.
40.
40 .
40.
41.
41.

41.
426
42.
42.
42.
42.
42.
42 .
42.
42.
42.
42.
42.
42.
42.
42.
42 .
42.
42.
42.
42.
43.
43,
43.

43.
43.
43.

M

0.42
0.00
0.37
0.00
0.39
0.00
0.32
0.00
0.39
0.00
0.34

F

0.0034
0.0034
0.0030
0.0030
0.0032
0.0032
0.0026
0.0026
0.0031
0.0031
0.0027

T2 THETA

32427
32160
31i34
32458
321426
32160
31461
32458
31403
32462
30488

0.977
0.977
0.908
0.908
0.902
0.502
0.928
0.928
0.887
0.887
0.875

DTH4

0.023
0.023
0.022
0.023
0.022
0.023
0.022
0.023
0.022
0.023
0.022



LLT

RUN  121074-1 *%* DISCRETE HCLE RIE *%* NAS-3-14336 STANTCN NUMBER DATA
*kk 520H5L40 M=0.4 Thk=0 P/D=10 *pk

RUN 121074-2 *** LISCRETE HCLE R1€ *»* NAS-3-1433¢ STANTCA NUMBER DATA

*akx 520HSL4C M=0.4 TH=1 P/D=10 kit

LIMNEAR SUPERPOSITICON IS APPLIED TO STANTON NUMBER DATA FRCW

_RUN NUMBERS 121074-1 AND 121074-2 TO OBTAIN STANTON NUMBER CATA AT TH=0 AMD TH=l

PLATE REXCOL RE CEL2 ST(TH=0) REXHOT RE DEL2 ST(TH=1) ETA STCR

1 143641.8 522.9 0.002591 142607.7 522.8 0.002487 UUUUJ 1.069
2 182¢€64.3 631.3 0.0025&5 182620.9 622.2 0.002610 04120 0.992
3 22168¢€.8 74T.3 0.002580 221634.1 B54.C 0.002507 04159 1.036
4 260709.3 858.5 0.002718 26064T.4 1079.8 0.002302 0.153 0.976
5 2951731.8 967.2 0.002856 269660.6 1283.7 0.302200 0.230 1.055
6 333154.4 1072.8 0.002556 33€673.9 14€3.2 0.002074 0.189 0.967
7 377776.9 1176.2 0.002743 377687.1 1688.2 0.02093 0.237 1.061
8 416795. 4 1279.9 0.002572 416700.3 1862.5 0.002053 0.202 1.015
9 455821.9 1381.0 0.002610 455713.6 2071.7 0.001978 04242 1.048
10 494844. 4 1480.3 0.002475 494726.8 2247.8 0.001909 0.229 1.011
11 £33866.9 1577.9 0.002531 533740.0 244246 0.001825 04279 1.049
12 57288S.4 1674.3 0..0024C7 572753.3 2635.0 0.001792 04256 1.012
13 602546.6 1742.6 0.002125 602403.4 2758.5 0.002187 *%xkxe 0,903
14 €22¢€43.1 1788.1 0.0023S6  622495.2 2940.9 0.001306 04455 1.024
15 642735.8 1835.2 0.002280 £425817.0 2970.8 0.001668 0269 0.981
16 662933.6 18890.9 0.002270 662776.1 3004.5 0.001682 04259 0.983
17 €83127.9 1926 .6 0.002273 682965.5 2038.7 0.001717 04245 0.990
18 703224.4 1672.6 0.002292 703057.3 3073.2 0.001719 0.250 1.004
19 723221.0 2018.2 0.002244 723149.1 3167.7 0.001709 0,238 0.988
20 143417.6 2063.6 0.002272 143240.9 3142.€ 0.00175% 04228 1.006
21 163514.4 2108.4 0.002177 763333.0 3176.9 0.001658 04238 0.970
22 783611.0 2152.6 0.002211 783424.8 3211.1 0.001740 0i213 0.990
23 803707.6 2196.3 0.002138 803516.6 3245.5 0.001727 04193 0.962
24 823901.5 2240 .4 0.002242 823705.7 3280.4 0.001698 0L242 1.014
25 £44095.7 2286.7 0.002160 843895.1 3314.8 0.001722 04203 0.981
26 €64192.3 2328.4 0.002188 863986.9 3348.5 0.001767 04192 0.999
27 €84288.8 2372.7 0.002208 8B84078.7 3384.5 0.001678 04240 1.013
28 904 385. 4 2416.9 Q.C02187 904170.5 3418.5 G(.001700 04223 1.008
29 924482.3 246l.4 0.002241 92426246 3453.1 0.001747 04221 1.037
20 944578.8 2505.9 0.00217S 944354.4 348€.4 0.001761 04192 1.013
31 964675.4 2549.2 (.002127 S64446.2 3523.2 0.001700 0,201 0.993
32 584869.3 2591.7 0.002054 $84635.3 3557.8 0.001735 04171 0.981
33 1005063.0 2633.9 0.002103 1004824.0 3552.2 0.001687 04198 0.989
34 1025160.0 2675.9 0.002072 1024916.0 3626.2 0.001693 04183 0.978
35 1045256.0 2717.3 0.002046 1045008.0 3659.5 0.001658 04189 0.970
36 1065353.0 2757.5 0.001950 1065100.0 3693.2 0.001651 04153 0.928

STANTON NUMBER RATIO BASEC ON ST#PR&#(.4=(, 0235%RE e {-,2)

STANTON NUMBER RATIO FOR TH=1 IS CONVERTED TO CGMPARABLE TRANSPIRATION VALUE
USING ALOGEL ¢+ B)/B EXPRESSION IN THE BLOWN SECF ION

F=COL

0.0000
0.0034
0.0034
0.0034
0.0034
0.0034
0.003%
q. 0034
0.0034
0.0034
G.0034

0.0034

STHR

1.026
0. 873
0.872
0.827
Q0.B812
0.785
0.899
0.810
0. 794
0.779
Q. 757
0.753
0.929
9.558
0.717
8.728
0.747
0.753
0.753
B.777
0.738
2.779
2.777
8.768
0.782
0.807
0.769
0.783
0.808
8.818
0.793
0.813
8.794
0.799
0.786
0. 786

==HOT

0.2000
0.0034
0.0034
0.2030
0.0030
0.0032
0.0032
0.0026
0.0026
0.0031
0.0031
0.0027

LoGe

l1.026
1.361
1.377
1.288
1.284
1.294
1.330
14249
1.24)
l.316
1.298
l.241



gL1

RUN

120574-1 +x* DISCRETE

TACB= 19.95 DEG C UINF= 11.52 M/S
RHO*® 1.201 KG/M3 VISC= 0.15027¢-04 M2/S
Cce= 1010. J/KGK PR= 04715
*kk 520HSLB0 M=0.8 TH=0 F/C=10 *kk
PLATE X REX T0 REENTE
1 127.8 O0J14331E 068 22.%5 0452170E 02
2 132.8 0.18225E 06 22.55 0163470 03
3 137.9 0.22118€ 06 :2.57 0iT9163E 03
4 143.0 0.26011E 06 322.%3 0494583E 03
5 148.1 0.29904E 06 32.55 0411030E 04
6 153.2 0.33798E 06 22.55 Cil2572E 04
1 158.2 0.37691E 06 22.57 CL14074E 04
8 163.3 0.415B4E 06 22.°£3 Ci15566E 04
9 168.4 0.45478E 06 22.53 0.17044E 04
10 173.5 0.49371E 06 :Z2.°1 Cil8516E 04
11 178.6 0.53264E 06 32.55 0:19992E 04
12 183.6 «ST158E 06 22.55 €i21454E 04
13 187.5 0.60117E 06 21.13 0422¢€36E 04
14 190.1 0.62122E 06 30.82 0i23560E 04
15 192.7 0.64127E 06 21.0C G.24038E 04
1€ 1S5.4 0.£6141E 06 =1.00 0i24514E 04
17 198.0 0.68156E 06 :1.00 Ci24S90E 04
18 200.6 0.70161E 06 20.96 0425465E 04
16 203.2 0.72166€ 05 20.S2 0425937E 04
20 205.8 0.74171E 06 320.96 0426412E 04
21 208.5 C.76176FE 26 20.90 0426884E 04
22 211.1 (Q.7818lE 06 20.58 027347 04
23 Z13.7 C(.E0186F 06 20.62 0:2T7B10E 04
24 216.3 0.82201E 0€ Z21.C0 0428272E 04
25 218.9 0.B84216E 06 30.S0 0i28739€ 04
26 221.6 0.86221E 06 20.€2 Ci29204E 04
2T 224.2 0.88226E 06 30.00 0i29667E 04
28 226.8 0.S0231E 0& :0.¢€é€ 03430129E 04
29 229.4 0.S2236E 06 30.80 0.30556E 04
30 232.0 0.54241E 06 21.15 0i31063E 04
31 234.6 0.96246F 06 Zl.13 0i31520E 04
3z 237.3 0.S8261E 06 31.02 0i31971E 04
33 239.9 0.10028E 07 21.C2 £432418E 04
34 Z42.5 0.10228F 07 20.80 0432861E 04
35 245.1 0.10429E 07 320.64 G«.33302E 04
36 247.8 0.10629€ 07 320.69 0833728E 04

UNCERTAINTY IN REX=19467.

UNCERTATINTY IN F=0.05154 IN RATIO

HOLE RI6 #%x NAS-3-14336

TINE=
XVC=

15.89
106.1

STANTCN NO

0.2E01 26~ Q2
0.30034E-02
0.30626E-02
0.28626E-02
0.29117E-02
0.27089E-02
0.27737E-02
0.2¢571E-02
0.2€6383E-02
0.2€6265E-02
0.26551E-02
J.25573E-02
0. 22024E-02
0.23921€-02
0.23724€E-02
0.23677E-02
0.227275-C2
0.223657E6-02
0.23370E-02
0.23948E-02
0.23003€-02
0.232085-02
0.22854E-02
0.223276E-02
0.232218-02
0.231 04E-Q2
0.23006E-02
0.229719E-02
0.23571E-02
0.229€85-02
0.22515E-02
0.22398E-02
0.22125%-02
0.22035E-02
0.21828E-02
0.20681F-02

STANTCN NUMBER DATA

DEG C
CM

DST
0.879E-04
0.897€E-04
0.901E-04
0.885E-04
0.889E-04
0.871E-04
0.875E-04
0.867E-04
0. 866 E-04
0.866E-04
0.B66E-04
0.858E-04
0.837E-04
0.94TE-04
0.548E-04
0.938E-04
0.942E-04
0.941E~04
0.919€-04
0.942E~04
0.908E-04
0.935E-04
J.913E-04
0.944E-04
0.931E-C4
0.969E-04
0.886E-04
0.971E-04
0.922E-04
0.542E-04
0.909E-04
0.905E=-04
0.202E-04
0.874E-C4
0.920E-04

0.558C~04 -

DREEN
39.
39.
39.
40.
40.
41.
41.
41,
42.
42.
42.
43,
43,
43,
43.
h3.
43.
43.
43.
43,
43.
43.
43,
43.
43.
43.
43,
43,
43,
43,
43,

43.
43.

43,

M

0.81
0.00
0.82
0.00
0.81
0.00
0.81
0.00
0.81
0.00
0.82

F

0.0065
0.0065
0.0066
0.0066
0.0066
0.0066
0.0066
0.0066
0.0066
0.0066
0.0066

T2

21.82
32457
22409
32155
22 204
32157
22310
32453
22410
32455
22412

THETA

0.153
0.153
0.174
0.174
0.170
0.170
0.175
0.175
0.175
0.175
0.176

DT+

0.024
0.024
0.024
0.025
0.024
0.02%
0.024
0.025
0.024
0.025
0.024



6.1

RUN

RHO=
cP=  1010.
gk
PLATE X
1 127.8
132.8
3 137.9
4 143.0
5 148.1
6 153.2
7 158.2
£ 163.3
5 168.4
10 173.5
11 178.6
12 183.6
12 187.5
14 190.1
15 192.7
16 195.4
17 168.0
18 200.6
19 203.2
20 235.8
21 208.5
22 211.1
T .23 213.7
4 Z1€.3
25 218.9
26  221.6
27 224.2
28 226.8
25 225.4
30 232.0
31 234.6
32 237.3
33 239.5
34 242.5
35 245.1
36 247.8

‘TADB= 19.71 CEG C
1.202 KG/M3

J/KGK

520HSLB0 M=0.8

REX
0.14412E
J.18327¢
0.22243Z
J.2E158E
0.30073¢E
0.:5688E
0. 27904E
0.41816GE
0.45734%c
0.45650F
V.E35LEL
0.57480E
0. €0456E
0.€2472E
0.£4488E
0.€651°EE
0.68541E
0.70557E
0.72573¢€
0.74590E
Ce76606E
0.78622¢
0.80639E
C.B82€65€E
0.84€91E
C.E6TO8E
0.88724E
0.90740€C
0.62757€
0.54773¢&
JeS6T8SE
0.98816¢E
C.10084E
0.1028¢E
0.10487E
0.106B6GE

"UNCERTAINTY IN REX=1957¢.

UNCERTAINTY IN F=0.051E1 IN RATIO™-

UINF= 11.57 M/S
VISC= 0.150C¢E-04 M2/S
PR= 0.715
TH=l P/C=19 ¥k
10 REENTH

0€ 22487 0.52465€ 03
D¢ z2.87 Cse312¢E 03
06 22,87 0.37105E 03
d56 22485 0413074E 04
06 22.€3 0.1642%E 04
0€ Z2.¢t7 0167220 04
06 Z2.€3 0.23046E 04
06 z2.&5 C.26353E 04
06 Z2.E87 Ce294£L1E 04
06 :22.89 0.32554E 04
06 I2.¢E7 435771 04
06 32.87 0.38588f 04
dJ6 Zl.55 Ci42043E 04
06 Zl.23 0.44E86E 04
0c :l.44 0445321E 04
0& 21.44 045753k 04
06 Zl.4% 0i4618SE 04
06 :Zl.40 Ce4€EE2TE Q4
06 Zl.36 0447062E 04
06 21.40 0i47502E 04
06 321.26 0.47934E 04
€ zla.23 0:48370E 04
08 Z2l.34 0+48809E 04
06 :l.46 0449237 04
06 21.38 C.49670E 04
06 :l.26 0450105F 04
-06  20.50 Gi50536E 04
06 " 21.22 04509632E 04
D6 Zl.2é€ 0.513G6E 04
06 32l.55 0451833E 04
06 31.57 0452260E 04
06 2l1.38 045268CE 04
07 :Zl.22 0.53102E 04
07 32l.21 Ca53517€ 04
07 321.322 0453926E 04
07 :1.11 £154225E 04

120574~2 *«* DISCRETE HCLE RIG *%*% NAS-3-14336

T INF= 19.65
XVC= 10%.1
STANTCN AGC

0«2£9G6%-02
0.27465E-02
0.27865E-02
D.25702&-02
0.253C4E-Q2
0.22100E-22
Ue24034E-02
0.22795E-02
0.22885E-02
0.22009&-02
0.22627E~-C2
0.21998%-02
0.20756€E-02
0.21724F-02
0.21326E-02
0.21500E-02
0.216812-02
0.216%1E-02
0.214715-C2
0.22068E-02
0.2C719%-02
0.22492€-02
0.20950€E-02
0.21451E-02
0.214€1F-02
0.21629E-02
0.21083E-02
0.21224%-02
0.216E8F-C2
0.21602E-02
0.206855-02
0.20854E~02
0.20903E-02
0.2C230E~-02
0.20275€-02
0.15295€-02

STANTCN NUMBER CATA

DEG C
CM

CST
0.834E-C4
J.838E-04
0.842E-04
J.825E-04
0.822E~C4
Q.803E-04
0.812E-04
0.802E-04
0.801E-04
0.7948-04
0.799E-04
0.7S5E-04
D.761E-04
C. E60E-04
N.858E-04
0.853E~04
0.862E-04
0.863E-04
0.843E-04
0.867E-04
0.830€-04
0.883€-04
0.843E-04
0.870E-04
0.861€E~04
0.869E~04
0.811E-04
0.894F-04
0.849E-04
0.878E~04
0.841E-04
0.842E-04
J.843E-04
0.807E-04
0.851E-04
0.887TE-04

DREEN

39.
40.
4l.
42,
43,
44 .
45‘
46.
47’
48.
49.
50.
5l.
51.
5le
Sl.
51.
5la
51.
51.
51.
51.
51.
51.
51.
51.
51.
51.
51'
51.
51.
51.
5.
5le
51.

51.

M

0.76
O.oo
.82
0.00
0.81
0.00
0.76
0.00
0. 82
0.00
0.86

£

0.0062
0.0062
0.0065
0.0065
0.0066
0.0066
0.0061
0.0061
0.0067
0.0067
0.0069

T2

323128
32.87
31488
32483
31492
32.83
31.85
32487
31554
32 487
3l.42

THETA

0.655
0.955
0.927
0.927
N.928
0.928
0.924
0.924
0.898
0.898
0.891

.DTH

0.023 -
0.023
7.023
0.024
0.023
0.024
0.023
0.023
0.023
0.023
0.023



081

- RUN  120574-2 *%* QISCRETE HCLE RIG *%*x NAS~3-1433¢6

RUN 120£74-1 #*%% DISCRETE HOLE RIG **# NAS-3-14336
*kk 520HSLB0 M=0,8 TH=0 P/D=10 *»*

STANTCN NUMBER DATA

> 520HSLB0 M=0.€ THxl P/D=10  ¥*=*

LINEAR SUPERPOSITION IS APPLLED 10 STANTON NUMBER CATA ERCHM
RUN NUMBERS 120574-1 AND 120574~2 TO CBTAIN STANTON NUMBER OATA AT TH=0 AND TH=1

PLATE REXCOL RE DEL2 STITH=0) REXHOT RE DELZ ST(TH=1) ETA STCR

1 143212.5 §21.7 .0.€02801 144121.1 524.6 0.002700 UUUUU 1.156
2 182245.5 635.7 0.003052 183273.8 631.0 0.002732 0.105 1.020
3 221178.6 . 155.7 0.002115 22242¢€.5 $8l.0 0.002771 0.110 1l.082
4 260111, 6 873.3 0.002924 261579.3 1327.5 0.002548 0.129 1.0495
-5 2990644.6 $88.6 0..003000 300731.9 1688.5 0.002493 0.169 1.107
6 337977.17 1101.5 0.002800 336884.6 2028.2 0.002272 0,189 1.059
7 37651047 121t.6 0.002857 379037.4 2376.5 0.002368 0.171 1.104
8 415843.8 1320.6 0.002744 418190.1 2724.4 0.002242 04183 1,081
S 454776.8 1427.0 0.002720 457342.8 3052.0 90.002253 0Q.l72 1.991
10 493706.8 1533.0 0.002728 4964595.5 3377.7 0.002149 04212 1.113
11 £32¢42.9 1£39..7 0.002750 535648.2 2724.,0 0.022207 0.197 1.139
12 571575.9 1744 .7 0.002€4¢ 5148€0.9 407043 0.002147 0.188 1.1ll1
13 €01165.1 1819.8 0.0C02358 604557.1 4404.1 (0.002042 0.134 1.001
14 621215.6 1868.1 0.C02446 624720.7 4717.4 0.002140 01125 1.045
15 €4126€.1 1917.0 0.002431 644884.3 4760.2 0.002097 0.137 1.045
16 6€1412.7 1565.7 02.002421 665145.6 4802.7 0.302118 04125 1.047
17 681561.6 2014 .3 0.002423 685407 .2 4845.7 0.002138 0.118 1.054
18 701612.1 2062.9 2.002414 705570.8 4888.5 0.0)2140 04113 1.056
19 T21¢€62.6 2111.0 0.002383 125734.4 4931.5 0.002119 0,111 1.049
20 741713.1 21594 0.0C2440 745898.1 4975.3 0.032182 0.106 1.082
1 161763.9 2207.6 0.00225¢ T6€C62.0 5017.5 0.002038 04135 1.048
22 i8l8la. 4 2254.7 0.002=38 78622546 E061.1 0.002235 04043 1.04¢
23 801864.9 2301.6 0.C02232 €C6389.3 £1C4.5 (C.002067 0.ill4 1.048
24 822012.5 2348.8 0.002272 2665045 146.8 0.00211€& 0.107 1.072
25 842160. 4 2396 .4 0.0023€5 846%12.1 £189.€ 0.002120 0.104 1.074
26 862210.9 2443 .6 0.002346 B67075.8 £232.¢ 0.002141 0.087 1.070
27 882261.4 26390.8 J.002348 887239.4 5275.2 0.092080 J.114 1.9276
28 §02211.9 2537.8 0.002341 $07403.0 €31743 0.002097 0.104 1.077
29 922262.7 2585.4 0.002403 $27566.9 5360.1 0.3)214)1 9.109 1.111
20 942413.2 2633.0 2.002224 €47730.6 5403.3 0.002140 0.033 1.084
21 S624€3.6 2679.5 0.002296 G67894.2 £445.5 0.002042 0411t 1.071
a2 $82611.3 2725.4 0.002277 SB8155.4 €4€T7.C GC.002067 04092 1.06¢
33 1002756.0 2770.7 0.002242 1008417.0 552848 0.002072 0.076 1.054
34 1022839.0 28l5.8 J.002248 1028580.0 £6569.8 (.0019%56 O0.112 1.0¢61
35 1042860.0 286046 0.002221 1048744.0 $610.2 0.002005 0.097 1.052
36 1062513.0 2604.0 J.(€021C2 1068907.0 5649.7 0.001208 2,392 1.9M

STANTON NUMBCR RATIO BASEL ON ST*PR*%0.4=) 029 C*%REXr*(-,2)

STANTON NUMBER RAYIC FOR TH=1 1§ CCNVERTED TO COMPARABLE TRAMSPIRATION vALJC
LSING ALEG(1l + BI/B EXPRESSICN IN THE Bt OWN SECTION

STANTON NUMBER DATA’

F~COL

0.0000-

0. 0065
0.0065
0. 0066
0.0066
0.0066
0.0066
0.0066
0.0066
0.0066
0.00¢6
0. 0066

STHR

l.114

. B.914

0.964
0.915
0.921
8.860
0.916
8.885
0.505
0.878
0.615
0.903
0.868
0.515
0.903
0.917
0.931
0.938
0.934
04967
0.508
1.0)2
6.530
0.558
0.963
0.978
0.554
0.965
8. 991
0.994
0.653
04569
0.975
0.943
0.951
0.5009

E=-HOT .

" 0.0000

0. 0062
0.0062
0. 2065
0.0065
0.0066
0. 0066
0.0061

© 0.0061

0.0067
0. 0067
0.0069

LOGB

l.114
1.759
1.834
1.842
l.871
1.831
1.915
1.835
1.873
1.929

"1.987

2.021



it

Appendix II

SPANWISE PROFILE DATA

Contained in this appendix is a numerical tabulation of the Spghwise
profiles that are discussed in Section 3.4, and plotted in,Figuresl3123
and 3.24 for velocity, and Figures 3.27 through 3.30 for temperature.
Note that the same velocity profile points accompany the © - 1 and.

0 = 0 temperature profiles. See Appendix I for the computer liatiné

nomenclature.
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RUN 092974/100374

REX

Xva
UINF
VISC
PORT
XL ac

[ I TR TR T}

Y(CM)

0.025
0.028
0.030
0.033
0.038

0.046
0.056.
0. 069
0.084
0.102

0.122
0.147
0178
0.213
0.254

0.300
0.351
0.406
0.467
0.538

C. 620
0.656
G.772
0.848
0.925

l1.026
1.128
1. 229
1.356
1.483

1.610
1.737
L. 864
2.118
2.3172

2626
2,880
3. 134
3.388
3,642

3.896
4.150

SPANWI SE PROFILE TH=l
0.10C00E 01 REM = 6833,
0.00 C¥ DELZ = 0.646
16.71 M/S  DELYY= 3.629
0.15323E-04 M2/S DELL = 1.048
1 H = 1.672
176,40 CV CF/2 = 0.10000€ Ol
Y/DEL U(M/S) U/UINF Y+ U+
0.007 4.86 0.291 277.0 0.29
0.008 5.00 0.299 304.7 0.30
0.008 5.22 0.312 332.4 U.31
0.009 5.42 0.326 36042 0e32
0.010 5.73 0.343 4l5.06 0us4
0.013  6.14 0.367 498.7 0437
0.015 6.45 0,388 609.5 0.39
0.019 .80 0.407 {748.0 Oe4d
0,022 7.13 0.427 9l4a2 0.43
0.028 7440 0,442 1108.2 Ost4
0.034 7.63 0.456 1329.8 Ue4b6
0.041 7.86 0.470 lovbad O.47
0.04Y 8.08 Co484 19393 0.46
0.059 8.24 0.493 2327.1 Ue49
0.070 8.37 0.501 277Us4 0.50
0.083 8445 04505 3259.1 0.51
0.097 8.47 0.507 3823.1 0.51
0.112 8447 C€.507 4432406 0.51
0.129 8.44 0.505 5097 .5 0u51
0,148  8.41 <503 537342 0.50u
0.171 B8.36 C.500 0759.3 UebU
0.192 8.41 0.503 7590.9 0.50
0.213 8.48 0.508 8422.0 0.51
0.234 8468 0.519 9253.1 0.92
0.255 8487 0.5311008%4.2 0.53
0.283 9.26 0.5541119Z.4 0.55
0311  9.65 0.5781c300.5 0e58
0.335 10.08 0.60313408.7 0.60
0.374 10.52 0.63014793.9 0.63
0.409 10.92 0.65316179.1 0.65
0.444 11.26 0.67417564%.3 0.67
0.479 11.65 0.69718949.5 0.70
0.514 12,07 0.72240334.7 0.72
0.584 12.90 0.77223105.1 0.77
0.654 13.72 0.82125875.5 0.8¢2
0,724 14446 0.86528645.9 0.87
0.794 15.15 0.90631416.2 0.91
0.864 15.73 0.9413418646 0.94
0.934 16.21 0.57036957.1 0.97
1,004 16.50 0.58739727.4 0.99
1.074 16.65 €.996%42497.8 1.00
1.144 16.71  1.0004526842 1.00
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(B Y]

REH =
cM DEHZ2 =
CM DELT99 =
CM UINF =

VISC =

TINF =

TPLATE =

Y{LM) T(DEG C)
0.0546 34.98
0. 0571 344,66
Ja 0597 34.54
U.00406 34,28
U.0724 34.06
0.0825 33.76
U.0952 33,49
Vedbl35 33,28
Ve1308 33.02
Uaih062 32.80
O.ldod 32.61
De2222 32.46
Oecd29 32.38
Ue 3086 32.32
030619 32435
04254 32.27
Ve 4839 32.30
Ue D524 32.28
Q«b159 32.19
V.b794 32.15
Ue 7429 3l.96
Ve 8DO64 31.91
UeBLIY 3170
02334 3157
1.0604 31.47
lelbl4 30.90
l.3144 30.26
led%le 29 .67
le5584 28.89
le8224 28.18
20764 26.99
203304 25490
2.5644% 24491
2.8385 23.94
340924 23.12
3.3464 2249
3.6004 21493
3.854% 21.60
41084 21 .38
423624 21.28
4.61064 21 .25

10259.

0.934 CM
4.066 CM
16.67 M/S

0.15175E~04 M2/S

21.25 DEG €
36.82 DEG C

TBAR

0.118
0.139
0. 146
0.163
0.178

0.196
0.214
0.228
0.244
0.258

0.270
0.280
0.285
0. 289
0.287

0.292
0.290
0. 291
0.298
0.300

0.312
0.315
0. 329
0.337
0.344

0.381
0.421
0.459
0.510
0.555

0.632
0. 701
0.765
0.827
0,880

0.921
0.957
0. 6§78
0.992
0.998

1.000

TBAR

0.882
0.861
0.854
0.837
0.822

0.804
0.786
0.772
0.756
Co742

0.730
0.720
0.715
0.711
0.713

0.708
0.710
0.709
0.702
0.700

0.6848
0.685
C.671
0.663
0.6506

0.619
0.576
O0.541
0.490
0.445

0.368
0.299
0.235
0.173
0.120

0. 075
0.043
0.022
0.008
0.002

-0.000



RUN C€$2974/100374

REX

XvVOo

UINF
vIsC
PORT
XLGC

Y{CM)

0.C25
Q.C28

noa i #ou

0.030
0.033
0.038

0.046

n_N&ss
Ve VI

0.069
0., C84
Q. 102

Oe 122
0.147
0.178
0.213
0.254

0. 300
0.351
0.406
0.467
0.538

0.€20
0.696
0.772
0.848
0.925

1.026
l.128
1.229
1.35¢
l.483

l.€10
1.737
1.86"
2.118
2.372

2. 626
2.880
3.134
3.388
3.642

3.8%6
4.150
44404

SPANWISE PROFILE TH=i
0.10000E 01 REM = 6799,
C.00 C¥ DELZ = 0.619
. 16,73 M/S DELYY= 30627
0.15316E-04 M2/S DELL = 0.977
: 2 " H = 1.979
176 .40 CM "CF/2 = 0.10000E UL
Y/DEL U(M/S) U/JUINF Y+ U+
0.007 5.56 Ce333 27i.4% 0.353
0.006 5.70 0:341 305.1 Q.34
0.008 5.95 Ga356 33248 0.36
0.009 6.18 €.370 360.0 Ua37
0.011 6455 €392 416.0 Ueid9
0.013 6.9& Codl? 499.2 Ued
0.015  7.35  [.440 510.2 Coté
0.019 1.72 0462 . T748.9. 0.46
0.023 8.14 0+487 9Y9lse3 Deu9
0.028 8.38 C.501 1109.4 0.50
0.034% 8.64% 0.516 1331.3 02
0.041 8.86 «530 1608a.7 0.53
0.046 9,10 Ce544 L94la.5 0.5%
0.059 9,29 0555 23¢9.0 0.96
0,070 9.43 Ceb564 277346 0.6
0.083 9,52 Ce569 3212.8 0e57
0.097 9,59 0.573 3827.6 0.57
0.112 9.63 Ce576 4437.8 V.58
0.129 9462 0.575 51034 0.57
0.148 9.4 0.567 5880.0 0.57
g.l71 .44 0.565 alol.6 0.50
0.192 9.39 C.562 7539.1 V.56
0.213 9.41 0.563 8431.17 0.50
0.234 9.49 0.567 92630 0.57
0.255 9.63 C.57610095.9 0.58
0,283 9.86 G.59011205.3 0.59
0e311 10.12 0.60612314.8 0.6l
0335 10.40 0.6221342% 42 0.02
C.374 10.68 0.63814811.0 D.04
0.409 10.98 0.£5616197.3 0.06
0.444 11.23 0.67217584.06 0.67
0.479 1l.67 0.6971L897L.4 0.70
0.514 12.06 0.72120358.2 - .12
0.5684 12.92 C.77323151.8 0.77
0.654 13.75 0.82225905 ¢4 0.82
0.724 14.53 0. £6928679.0 0.87
0.794 15,21 0.91031452.6 0.91
0.864 15.83 Ce9463422042 0.95
0.934 16,23 0.97036999. 8 0.97
1.004 16.53 0.68839773 4 0.99
1.074 16466 0.99642547.0 1.00
lalad  l6.72 1.00045320.6 1.00
Le2l4 16.73 1.00048094.2 1.00

183

(2
REH =
cH DEH2 =
(] JELT99 =
CM  UINF =
VISC =
TINF =
TPLATE =
Y{CM}  T(DEG C)
U. 0540 33.81
V.0571 33.57
- 0e0597 33.36
(VINVI- T8 33.10
U.0724 32.77
UeU825 3245
0.0952 32.11
0.1105 31.80
Uel3us 3l.52
Ueld062 31 .26
Oelund 31.08
U.2222 30.98
0.2629 30.82
U.3080 30.80
QOe3019 30.80
Oe425% 30.80
Ue.4889 30.83
045524 30.85
U.bl59  30.88
O.0794 30.85
Q. 7429 30.80
V.8064 30.70
0.8699 30.59
U.9334 30.51
PLeVbU% 30.12
lelb4 29.63
13144 29.04
led4ls 28447
lLed084 27 .93
1.8224 26.81
2.0764 25.83
243304 24.87
2584% 23 .96
3.0924 22.51
3.3464 21 .98
3.600¢4 21.65
3.b54% 21 .43
4.1084 21 .33
4.302% 21.32
4.6164 21.30

8861.

0.806 CM
3.815 CM
16.68 M/S -

0.15179E-04 M2/S

21,30 DEG -C

36.76 DEG C
TBAR  TBAR-
0.191 0.809
0.207 0.793.
0.220 0.780
0.237 0.763"
0.258 0,742
04279 0.721
0.301 0.699
0,321 0.679
0.339 0.661
04356 . 0.644
0.368 0.632
0.374 0.626
0.385 0.615
0.386 0.614
0.386 OC.614
0.386 0.6l4
0.384 0.616
0.382 0.618
0.380 0.620
0.382 0.618.
0.386 0.61%
0.392 0.608
0.399 0.601"
0.405 0.595
04430 0.570
0.462 0.538
0.500 0.500
0.537 0.463
0.571 0.429
0.644 0.356
0.707 0.293.
0.769 0.231:
0.828 0.172
0.881 0.119
0.922 0.078
0.956 0.044.
S78  0.022
991 0.009
0.998 0.002
999 0,001
000 ~-0.000



RUN 052974/100374 SPANWISE PROFILE TH=1 {3)

REX = 0.10600E 01 REM = 6lble REH = 8137.
Xva = 0.00 C¥ DELZ = 0.50> (M DeH2 = 0.740 CM
UINF = 16.72 M/S DELYY= 3.08lL (™ DELT99 = 3,802 CM
VISC = 0.15300E-04 M2/S DELL = Oedle LM UINF = 16.69 M/S
PORT = 3 H = Le44u vIisC = 0.151L79E~-04 M2/S
XLCC = 176.40 C¥ CF/2 = 0.10000& vl TINF = 21.30 DEG C
TPLATE = 36.71 DEG C
Y{(CM) VY/DEL U(M/S) U/UINF Y+ Ut Y(CM} TI(DEG C) TBAR TBAR
0.025 0.007 64432 0.384 277.0 Ve33 U.0D406 32.98 0.242 0.758
0,028 0.008 6.46 0.386 300.4 Ue39 V.0071 32.66 0.263 0.737
0.030 0.008 6.76 C.404 333.2 0e40 0e057 32.43 0,278 0.722
0.033 0.009 6.97 0.417 3560.9 O.92 0V.0022 32.28 0.287 0.713
0.038 0.01i0 Tewl Ce447 4wloed Qa4 UsVb04b 3207 0.301 0.699
0.046 0.012 TeB817 0.471 49%.7 Va4 V0724 31.63 0.329 0.671
0.056 0.015 8.28 0.495 61J.8 V.50 0a.UBZS 3123 04356 0.644%
0.069 0.019 Be70 0.520 749.6 Oede 0eU95¢ 30.87 0.379 0.621
O.C84 0.023 9.02 0.539 9Ylo.2 Ueb4 Uel508 30.56 0.399 0.601
0.1G2 0.0238 9.34% Ce558 111045 Ue56 UaldoZ 30.23 0.420 0.580
0.122 0.033 9.53 Ce570 13320 Uo7 Ueldo? 29.99 0.436 0.564
00147 0.040 9.75 0.583 10l10.3 0.58 vUe.2222 29.74 0.452 0.548
0.178 0.048 9.99 0.597 1543 .4 V.ol 0.20¢29 29.58 0.463 0.537
0.212 0.058 10.23 0.612 2332.1 Q.64 U.3080 29.23 0.485 0.515
0.254 0.065 10.41 0.622 2776.4 Oe.6¢ U.361Y9 29.15 0.490 0.510
0.300 0.081 10.57 0.€32 3276.1 Q.03 Ue4294 29.05 0.497 0.503
0.351 0.095 10.70 C.640 5831 % 0.64 UV.«88Y 28495 0,503 0.497
0.406 0.110 10.85 Ce649 494la2 Oe05 UedHls 28.87 0.508 0.492
0.467 0.127 10.94 0.€54 5108.5 0.65 U.b159 28.82 0.512 0.488
0538 0.146 10,99 0,657 588549 0«66 VU.bT94 28.74 0.517 0.483
0.620 0.168 11.08 0.662 07743 V.06 U.bUb4 28.58 0.528 0.472
0.721 0.196 1il.l1 0.664 7884.8 UVeb6 Ue9334 2840 0.539 0Q.461
0.848 0.230 1l.17 C.668 9273.0 Va7 1.0009 28417 0.554 0.446
0.963 0.262 11.25 0.67310522.+4 Oeo7 l.18174 2T.86 0.574 0.426
1.102 0C.300 1ll.41 0,6821204%9.4 Vbt 1le3l4e 2755 0.594 0.406¢
1.229 0.334 11.57 0.69213437.5 V.09 1le44als 27.17 0.619 0.381
le356 0.369 1l.80 0.70614825.7 071l le5084 26.75 0.647 0.353
1.483 0.403 11.99 0.,71716213.9 .72 L.8224 25.97 0.697 0.303
1.610 0.438 12.27 0.73417602.1 Oe73 Levioa 25.18 0.748 0.252
1737 0.472 12.54 C.715C18990.3 Oeld 24330« 24,36 0.801 0.199
1.864 0.507 12.84% 0.76820378.4 Ue77 <codi4sd 23.62 0.850 (0.15C
2118 0.576 13.41 0.80523154.8 O.81 2.u3d> 22.94 0.894 0.106
20372 0.645 14.16 0.84725931 .1 Q.85 3.0924 2236 0.931 0,066
2,626 0.714 14.80 0.8852870171.5 0.88 Je.3%0% 21.91 0.960 0.040
2.880 0.783 15.38 0.92031483.8 0.92 3.6004 2l .62 0.980 0.020
3.134 0.852 15.81 Ce 3493420042 0.95 3.d24%% 21.43 0.591 0.009
3.388 0.921 16.27 0.57337036.5 0.97 «.lU84 21.33 0.998 0,002
3.€42 0.990 16.50 C.58739812.9 Ve99 4e30l% 2130 1.000 -0.00C
3.896 1.059 16.61 0.59742589.2 L.00
4,150 1.128 16.66 0.99845365,.,6 1.00
4,404 1.197 16.73 1.00040141.9 1.00
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RUN 092974/100374 SFANWISE PROFILE TH=1 (4)

REX = 0.10000E Ol REM = 5769. REH = 8341.
Xvg = C.00 C¥ DELZ = 0.527 CMH DEH2 = 0.758 CM
UINF = 16.74 M/S DEL99= 3.656 CM DELT99 = 3.894 CM
VISC = 0.15306E-04 ¥2/S5 DELL = 0.736 CH VUINF = 16,71 M/S
PORT = 4 H = l.3%0 VISC = 0.151L78E-04 M2/S
XLoc = 176.40 CM CF/2 = 0.10000E 01 T INF = 21.28 DEG C
TPLATE = 36.65 DEG C
Y(CM)} Y/DEL U(M/S) U/UINF Y+ u+ Y(CM) TI(DEG C) TBAR TBAR
0.025 0.007 6.54 0e391 <L77.9 0.39 U.U54%06 33.04 0.235 0.765
0.028 0.008 6.85 0.409 305.6 ° 0441 0.0571 32475 04254 0.746
0.030 0.008 7.13 Co426 333.4 Q.43 V0597 32.54 04267 0,733
0.036 0.010 7.55 0.451 389.0 D.45 0.0022 32.38 0.278 0.722
0.043 0.012 8.01 0.478 472.4 Q.48 0.0548 32.10 0.296 0.704
0.053 0.015 8.+40 0.502 583.5 0.50 0.0724 31.79 0.316 0.684
0.066 (0.018 8.81 0.526 722.4 0.53 0.0425 31.39 0.342 0.658
0.081 0.022 S.18 0.548 b8Y9.2 Oedb U.0952 31.01 0.367 0.633
0.099 0.027 Se4l Ca566 1083.7 057 Uaidn05 30.65 0.390 0.61C
0.119 0.033 9.66 0.577 1305.9 O.58 U.1308 30.38 0.408 0.592
0.145 0.040 9.94 0.593 1583.8 0.59 0O.lbd02 30.13 0.424 0.576
0.175 0.048 10.13 0.605 1917.2 Vel Oo.lBo7 29.87 0.441 0.559
0.211 0.058 10.38 C.€20 230060.3 0.62 0.222¢ 29.62 0.457 0.543
0.251 0.069 10.61 04634 2750.8 Qeb3s VL2629 29.40 0.472 0.528
0.297 0.081 10.83 Cab647 325140 D.05 0.30B0 2930 0.479 0.521
0.348 0,095 11.01 0.658 3800.,7 .06 WV.3019 , 29.05 0.494 0.506
0e404 0,110 11.17 0.£667 441840 Q.07 U.4204% 28490 0.504 0,496
0.465 0,127 11.27 0.£673 5084.9 D07 Ue4dd9 28.81 0.511 0.48S
0536 Q.147 1l.42 0.682 »b02.9 Qeo8 De2224 28.67 04519 0.481
0.6i7 0.165 11.55 C.&90 075¢.0 0.09 U.0L59 28.54 0.528 0.472
04719 04197 11l.65 C.696 7803.5 OefU Vad794 28.43 02535 0.465
0.846 0.231 11l.78 Ce704 925248 Vo7U V3064 28425 0.547 04,453
0.960 0.263 11l.8S 0.71010503.2 Oe7l Vey334 27497 0565 04435
1138 0Q.311 12.11 0.72312448.2 Oele Ladous 27.71 0.582 0Q.418°
1.354 0.370 12.48 Qe7451481l0.U Oe?5 leioT4 27.43 0.600 0,400
le608 0.440 12.91 C.1714758u 40 Ua?77 Lle3dlas 27.15 0.618 0.382
1862 0.509 1{3.41 C.80140307 .2 .00 Lo4%l4s 26.82 0.640 Q.360
2116 0.579 13.97 CaB3423145.9 Ved3 1leD084 26.49 0.661 0.339
24370 0.648 14.45 C.86325924.5 O.86 l.d224 25.79 0.707 0.293
2.624 0.718 14.9S 0.89548703 .1 Ue89 <eulb4 25.06 0.754 0.246
2.878 0,787 15.50 0.9263148L a7 0.93 243304 24434 0.801 0.195
3,132 0.857 15.95 Ce9525425d .3 Ve¥D <Ledb4a4 23,65 0.846 0.154
3.386 0.926 16.30 0.57337030. 9 0.97 <.838> 23.02 0.887 O0.li13
3.640 0,996 16,53 0.58739b17 .5 Vo559 30924 22.49 0.521 0.07S
36894 1.005 16.68 Ce 9964259642 L0000 se.3406% 22.03 0.952 0.046
4,148 1.135 16.75 1.00045374 .5 1.0V 3.0U04 21.70 0.%73 0.027
34854 21.47 0.588 0,012
G. 1UB 2135 0.996 0,004
40302 21.32 0.998 0,002
4.010 2l.28 1.000 -0.,000
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RUN 0629747100374

REX

XVO0
UINF
VIsC
PORT
XLee

Y(CM)

0.025
0,028
0.030
0.030
0,043

0.053
0.066
0.081
0. 102
0.122

0. 141
0.178
0,213
Ve 249
J.290

0.335
03086
Ve 442
0.503
0.579

0.681
0.8C8
0.960
L.138
l. 354

1.6C8
1.862
2,116
20370
2.624

2.€18
3,132
3.3806
3.t40
3.894

4. 148
4.402
4456

SPANWISE PRUFILE

0.10000E 01 REM =
0.00 C¥ DEL2 =
16.73 M/S DEL99=
0.15309E~04 M2/5 DELL =
5 H =
176.40 CM
Y/DEL U{M/S) U/UINF Y+
0.007 6.96 0.418 ¢77.5
0.007 T.22 0.431 305.3
0.00u8 745 C.448 333.0
0.009 7.83 0.468 3dB.5
0.011 8.13 Ce486 4714
0.014 8.30 0.496 582.8
0.017 8.44 0.504 12145
0.021 84456 0.508 oBb.l
0.027 8e44 C.505 1110.1
0.032 8e41 0.506 1332.1
C.039 8.60 Ce514 1609.06
0.0417 Beb 8 C.519 1Y42.0
0.056 893 0534 233l.1
0.065 8.99 0.537 2719.17
0.076 Q.24 «£52 3163.7
0.088 .42 CeS5€4 306342
0.101 9.61 0.575 421843
O.116 9.81 C.586 4820.8
0.132 10.0C G.598 5494.38
0.152 10.27 Oe€le 632744
0.179 10.47 0.€26 7437.5
0.212 10.66 Ca639 8u25.0
0.252 10.92 C.6531U490.2
0e299 11.18 Ca6681lc43¢.8
0.356 1l.54 Ca69044751 a1
0.423 12.08 G.72217556.5
0.489 12.64 075620347 o0
0.556 13.25 Ce79223117.2
0.623 13.81 C.82625892.4
0,690 l4.40 Ca8€1286017.5
0.756 14.96 Ce89631442a.1
0.823 15.53 0.92834217.9
0.890 15.97 Ce55530993 .1
C.957 16.3¢€ 0.57839768.2
1.023 16.58 099142543 .4
1.090 16.64 C.99545318a6
1.157 16.71 059548093 .8
la224 16413 1.00050868.9

TH=1
6654,

0.609
3.805
0.907
le490

CF/2 = 0.10000€E 0Ol

U+

Oe42
Debs
Ue%d
O.47
0.49

Ued0
0.2V
Ue51
QebU
Oe51

Dol
Qe ¢
0.53
Oe24
Js55

0«26
0.57
UebY
Us OU
Jebi

Q.03
064
Ve 65
0.07
Os0Y

0.72
Q.70
Uely
Q.85
(V=¥ )

Oe.9u
Q.73
V.95
0.9%
0.99

0.99

l.00
1.00

186

(51

REH = 9920.
CM DEH2 = 0.902 CM -
CM DELT99 = 4.072 CM
CM  VUINF = 16.69 N/S
VISC = 0.15175€-04 M2/S
TINF = 21.25 DEG C
TPLATE = 36.59 DEG C
Y{CM} T(DEG C) TBAR TBAR
O.05%0 34.10 0.163 0.837
0.U571 33,97 0.17F 0.829
0.0597 33.87 0.177 0.823
V.00622 33.84 0.179 0.821
V.0673 33.76 0.185 0.815
0.0749 33.82 0.181 0.819
Vs D851 33.93 0.173 0.827
0. V970 34.08 0.164 0.836
V.1130 34,32 0.148 0.852
Uel33s 34,58 0.131 0.869
0.1587 34.77 0.118 0.882
Ve il 908 34,92 0.109 0.891
0.2476 34.89 0.111 0.889
O.2v084 34.54 0.133 0.867
Ue 3492 34.01 0.168 0.832
Ue4000 33.44 0.205 0.795
Ve 4509 32,79 0.248 0.752
Vel Lo 32.11 0.292 0.708
Ve2524 3L.61 0.325 0.675
V6032 31.27 0.347 0.653
06540 30.68 0.385 0.615
O« 7040 30.32 0.409 0.591
Je7356 30.08 0.425 0.575
0.8064 29.77 0.445 0.555
Veudl2 29.57 0.457 0.543
Ue 308U 29.36 0.471 0.529
O.9580 29.23 0.480 0.520
L.0u96 29.04 0.493 0.507
1.0034% 28.92 0.500 0.500
Lal23Y 28477 0.510 0.490
Lelals 28,58 0.522 04478
l.3l4¢ 28,27 0.543 0.457
L.44l4 27.87 0.568 0.432
Le5584% 2T.46 0.595 0,405
Le8224 26,60 0.652 0.348
2.0764 2576 0.706 0.294
203304 24.98 0.757 0.243
25844 24.24 0.805 0.195
22838 23.53 0,851 0Q.l149
3.092 22.87 0.894 0.10¢
3,346 22429 0.932 0.068
3.600 21.86 0.960 0.040
3.8%4 21.57 0.580 0.020
4o lUd 21.38 0.991 0.009
40362 21.30 0.597 0.003
4.0l0 21.25 1.000 -0.000



RUN 0629747100374

REX

Xva

UINF
vIsC
PORT
XLoC

Y(CM)

0.C25
0.084
U.147
0.173
0.198

0.211
V.224
Q.236
Ue249
0.262

0.274
0.287
0.300
0.212
0e325

V.338
0. 358
0.389
0.429
0.430

Oe541
0.€17
Q.693
0.77C
V.B46

0.922
L.024
1.100
l.116
1.278

1.405
1.557
L. 709
L.913
2e141

24395
2+ €45
2.903
3.157
3.411

34065
3.919
“ells
4e 427

nwwh

TH=1
681l4s

0.625
3.8060

la2l0

SPANWISE PROFILE

0.10000E€ 01 REM =

0,00 CWV DEL2 =

. 16.70 M/S DEL9Y=

0.15314E-04 M2/S DELL =

6 H =

176.40 CM CF/e =
Y/DEL U(M/S} U/ZUINF Y+
0.007 0.00 0.000 277.0
0.022 0.0C C.000 Yl4.3
0.038 0.00 C.000 lolve9
0« 045 0.0C C.000 1u833.9Y
0.051 0.0C G.020 Z21l0la0
0.055 0.00 Ce000 ¢<9945
0.058 l.7C Cel101l 243840
04061 2.82 Celb9 2bT0 40
0. 004 3.6% Cel21 2710.1
0.068 4455 Ce273 2853406
0.071 5.20 Ca3ll 299cal
0.074 5.91 0354 313067
0.073 6.48 Ce328E8 3206942
d.081 6.98 0.418 34077
C.084 7.45 Cott4l 3240 4d
0.087 7.85 C.470 3ov4.7
C.093 830 Ce97 39USe4
0.101 8.70 0.521 44308
0e111 9,02 04540 4bbéel
Qal24 921 Ce551 223062
0,140 S.31 CeS557 59011
0. 16C 9.32 Cab558 67343
0.179 G9e332 0.558 7203 .4
0.199 G933 Ca559 439%a0
0.219 9+40 0.563 922547
0.238 Ge48 +56810U%0.9
V.265 Y62 Ce57611165.1
0.284 9.71 C.581119v0.2
0.304 S.87 0.59112027 e
0.330 10.,0¢ Ce600is¥35.0
0.363 10.25 0.61615520e0
0,403 10.66 0.6361l098561
O0.442 11.08 Ce 6631864544
J.495 11.61 069520801 o8
0.554 12.30C 0.73743305.2
C.620 13.06 0sT8220L2% 47
0.685 13.8¢C C.82628896.,4
0,751 14.51 C.869310bb.7
0.817 15.1€ 0e909349457 .2
Ca882 15676 0e54437207 6
0.9486 16.21 0971599761
L.0l4 16.51 CeSEB42T40 0O
1.079 164617 C.95845519.1
l1.145 16.71 1.000482089.6

187

Le947

0.10000& 01

U+

V.00
0.00
Uau0
0.00
V. V0

V.00
Uelv
Qei?
Vede
Veli

0.31
0.35
U.39
Vead
Ceath

Va4l
0.50
[V P2
Oed4
0455

Vado
Je26
JVed6
Je50
UeD6

[VIS- ¥4
Jab 8
Uebd
Ue 59
Je.00

Q.62
ODeb4
Q.60
V.70
V.74

Uel3
V.85
Vet 7
Va1
Je 7%

0697
V.99
lLevu
1.00

ta)
REH = 9642.
CM  DEH2 = 0.878 CM
CM  DELT99 = 4,034 CM
CM UINF = 16.67 M/S
VISC = 0.15184E-04 M2 /S
TINF = 21.35 DEG C
TPLATE = 36,55 DEG C
YI(CM) T(DEG C} TBAR  TBAR
J.054%6 35.80 0.049 0.951
049573 35.67 0.058